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CHIMERIC PLANT PROMOTERS AND PLANTS COMPRISING THE SAME 

Field of the Invention 

5 The present invention relates to chimeric promoters of gene expression, intended in 

particular for use in the field of plant biotechnology. 

Background 

In general promoters of gene expression are known in the field of biotechnology and 
genetic manipulation. With regard more particularly to plant biotechnology, the level of 
IQj expression of a gene encoding a polypeptide to be produced in a host cell is often dependent on 
\B the promoter used. The various promoters commonly used are often limited to specific 
ii applications, because of their tissue specificity or strength of expression. For example, of the 
^ two promoters commonly used in the field of plant biotechnology, the 35S promoter of the 
f ff cauliflower mosaic virus is a relatively strong promoter compared to the promoter originating 
lL, from the nopaline synthase (nos) gene. There is a need for novel promoters which make it 
possible to achieve high levels of expression in desired tissues to overcome the drawbacks of 
-;5 using current promoters. 

r " An attempt at satisfying this need has been reported in the PCT patent application WO 

97/20056, which describes increasing the level of gene expression from a plant promoter by 
2 0 using enhancers (i.e., sequences having a positive effect on the activity of a promoter) cloned 
upstream of known promoters. The nucleotide sequences of enhancers are rich in A and T 
bases, the total amount of these bases constituting more than 50% of the nucleotide sequence of 
the enhancer. In particular, the Applicants of this application recommend the use of an enhancer 
region originating from the plastocyanine promoter of pea. 

25 Summary of the Invention 

The present invention uses a different approach from the one described in WO 97/20056. 
Specifically, present invention provides a plurality of chimeric promoters comprising one to a 
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plurality of regulatory elements. The invention provides chimeric promoters have differing 
strength and tissue specificity making them suitable for use in a variety of applications. Included 
among these are strong chimeric promoters which make it possible to increase the level of 
expression of a nucleic acid sequence encoding a desired polypeptide in a host cell, and in 
5 particular a plant cell, compared to the existing promoters most commonly used in plants. A 
complete range of promoters is provided enabling one to choose the one which is suitable for use 
according to the use envisaged and the environment of its implementation, and thus to be able to 
control in some way the level of expression of a gene to be expressed which encodes a 
polypeptide to be produced. 

1 0 One example of use of this principle would be to use one of the weaker promoters of the 

invention to direct and/or control the expression of a protein or enzyme, for example an agent for 

1 selection in a plant, for example, resistance to antibiotics or to herbicides, or a coenzyme or 

K cofactor required for assembling a more important protein, and to use a stronger promoter in 

O accordance with the invention to, for example, control the expression of a polypeptide having a 

1 5 J therapeutic effect. 

L Yet another advantage of the present invention is that promoters prepared in one aspect of 

iS the invention allow both a specific expression in the seeds, but also a deregulation in order to 

J=! favor expression in other organs, for example, leaves, stalks and the plant vascular system. 

==* In one aspect, the invention provides a chimeric promoter of gene expression comprising 

20 at least one transcriptional regulatory sequence (e.g., such as a minimal promoter sequence) from 
a gene encoding a high molecular weight wheat glutenin (e.g., such as the wheat Dx5 or Bx7 
gene). In a preferred aspect, the chimeric promoter is functional in a plant cell and the chimeric 
promoter activates transcription of a transcription unit encoding a protein which is operably 
linked to the chimeric promoter, thereby to produce a desired polypeptide in said plant cell. 

25 In one aspect, the chimeric promoter comprises SEQ ID NO. 1. In another aspect, the 

chimeric promoter comprises a sequence selected from the group consisting of SEQ ED NO. 2, 
SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, 
SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 1 1, SEQ ID NO. 12, SEQ ID NO. 13, SEQ ID 
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NO. 16, SEQ ID NO. 17, SEQ ID NO. 8, SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO. 21, and 
SEQ ID NO. 22. 

In one aspect, the chimeric promoter comprises at least one transcriptional regulatory 
sequence from a gene encoding a high molecular weight wheat glutenin and further comprises a 
TATA box and a transcription start site (+1). In another aspect, the chimeric promoter comprises 
at least one enhancer box upstream of the TATA box and the transcription start site (+1); 
preferably, the enhancer box is functionally linked to the at least one regulatory sequence to 
increase transcription from the transcription start site at least two-fold, and preferably at least 5 
or at least 10 fold, relative to a chimeric promoter without the enhancer box. 

In one aspect, the chimeric promoter further comprises at least one G-like box upstream 
of the enhancer box. Preferably, the G-like box is functionally linked to the TATA box and 
transcription start site to increase transcription from the transcription start site at least 2-fold, and 
preferably, at least 5-, or at least 10- fold, relative to a chimeric promoter without the G-like box. 

In another aspect, the chimeric promoter further comprises at least one P-like box 
upstream of the enhancer box. Preferably, the P-like box confers expression in the endosperm of 
a transcription unit operably linked to the chimeric promoter. 

In still another aspect, the chimeric promoter further comprises at least one GATA box 
upstream of the enhancer box. In some aspects, the GATA box confers light-regulatable 
expression on a transcription unit operably linked to the promoter. Additional chimeric 
promoters comprise at least one cereal box upstream of the enhancer box. The cereal box can 
confer seed-specific expression on a transcription unit operably linked to said promoter. In one 
aspect, the chimeric promoter comprises two cereal boxes upstream of the enhancer box which 
have no regulatory sequences between them. For example, in one aspect the cereal boxes are 
contiguous. 

In a further aspect, the chimeric promoter further comprises at least one box selected 
from the group consisting of an asl box, an as2 box, an asl/as2 combination box, an as2/asl 
combination box, and repeat permutations thereof, upstream of the transcription start site. In one 
aspect, the at least one box confers root-specific expression on a transcription unit operably 



linked to the chimeric promoter. In another aspect, the at least one box activates expression of a 
transcription unit operably linked to said chimeric promoter in photosynthetic tissues. The 
position of the box(es) relative the enhancer can be varied. One or combinations of boxes can 
also be repeated in the chimeric promoter. In one aspect, the at least one box is downstream of 
5 the enhancer box. 

In still a further aspect of the invention, a chimeric promoter is provided comprising a 
GC-rich box upstream of the enhancer box. 

A chimeric promoter is also provided comprising two cereal boxes upstream of an 
enhancer box, the enhancer box being upstream of an as2/asl box. 

IQ~ A chimeric promoter is also provided comprising at least one element selected from the 

*0 group consisting of an enhancer box, a G-like box, a P-like box, a GATA box, a cereal box, an 

*J asl box, an as2 box, an asl/as2 box, an as2/asl box, and combinations thereof, and also further 

H comprises a GC-rich box. In one aspect, the GC rich box is in reverse orientation relative to the 

^ transcription start site and/or is downstream of said transcription start site. 

1B1 The invention further provides an expression cassette comprising any of the chimeric 

: ! \ promoters described above operably linked to a transcription unit encoding a polypeptide, the 
O transcription unit being operably linked to a transcription termination nucleic acid sequence. 

^ The invention also provides a vector comprising any of the chimeric promoters described 

above. In one aspect, the vector is selected from the group consisting of pMRT1207, 
2 0 pMRTl 177, pMRTl 178, pMRTl 179, pMRTl 180 and pMRTl 181 . 

The invention further provides a transgenic plant which has stabily integrated into its 
genome at least one chimeric promoter sequence described above. The plant can be a 
dicotyledonous species, such as a potato, tobacco, cotton, lettuce, tomato, melon, cucumber, pea, 
rapeseed, beetroot or sunflower plant. The plant can also be a monocotyledonous species, such 
2 5 as wheat, barley, oat, rice or maize. 

Propagules of transgenic plants are also provided, such as seeds. 
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More generally, the invention provides a cell comprising any of the chimeric promoter 
sequences described above. The cell can be a prokaryotic or eukaryotic cell Preferably, the cell 
is a plant cell. 

The invention further provides a method for expressing a nucleic acid sequence encoding 
5 a polypeptide in a cell. The method comprises the step of transforming a cell with any of the 
vectors described above, and preparing a culture of the transformed cell under conditions which 
allow the expression of the nucleic acid sequence. The cell can be a prokaryotic cell or a 
eukaryotic cell. In some aspects, the cell is selected from the group consisting of microbial cells, 
fungal cells, insect cells, animal cells and plant cells. 

10 In a further aspect, the method further comprises the step of isolating the polypeptide 

O encoded by the nucleic acid sequence. Preferably, the polypeptide is an enzyme or protein, or 

f 5 derivative of the latter, which has activity in vitro and/or in humans and/or in animals, the 

i«: activity comprising digestive, pancreatic, biliary, antiviral, anti-inflammatory, pulmonary, 

Id antimicrobial, nutritive, cosmetic and structural activity, activity in the blood, cardiovascular, 

Igi ophthalmic, antigenic and immunostimulating activity, and activity in the brain. Examples of 

L such proteins are, for example, insulins, interferons, gastric, pancreatic or biliary lipases, 

In elastases, antiproteases such as alpha- 1 antitrypsin, structure-forming proteins such as collagen, 

]Z transferrins such as lactoferrin, blood-derived proteins, such as human haemoglobin or albumin, 

\ 3 and blood cof actors, and antioxidants such as superoxide dismutase. 

2 o The invention further provides a method for obtaining any of the cells described above 

comprising the steps of: transforming a cell with any of the vectors described above, selecting a 
cell which has integrated the chimeric promoter sequence into its genome, and propagating the 
transformed and selected cell. Preferably, the cell is a plant cell. The plant cell can also be a 
propagule. Propagating can be performed by culturing the cell or by regenerating chimeric or 

2 5 transgenic whole plants. Preferably, the cell used in this method is a procaryotic or eucaryotic 
cell. Even more preferably, the cell is a cell chosen from the group consisting of microbial cells, 
fungal cells, insect cells, animal cells and plant cells, and even more preferably it is a plant cell. 
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Brief Description of the Drawings 

The invention will be more clearly understood through the detailed description of the 
various embodiments given hereafter by way of nonlimiting examples, and with reference to the 
attached drawings, in which: 

5 Figure 1 is a schematic diagram showing synthetic and chimeric promoter constructs 

according to one embodiment of the invention. The constructs in Figure 1 comprise a series of 
deletions starting from the whole promoter originating from the Dx5 gene which is from wheat 
and which encodes a high molecular weight wheat glutenin, and a series of constructs 
comprising repeats of elements which comprise an "enhancer" box combined with a "G-like" 
10 box. 

*Q Figure 2 represents, schematically, constructs of other synthetic and chimeric promoters 

l?\ in accordance with the invention, containing insertions of regulatory and/or functional elements 
H which comprise combined "as2/asl" boxes. 

Ill Figure 3 represents, schematically, constructs of other synthetic and chimeric promoters 

1& in accordance with the invention, containing insertions of regulatory and/or functional elements 
^ which comprise combined "as2/as2/asl" boxes. 

5| Figure 4 represents, schematically, constructs of other synthetic and chimeric promoters 

1 * in accordance with the invention, containing insertions of regulatory and/or functional elements 

which comprise combined "cereal" boxes, originating from the Bx7 gene encoding a high 
2 0 molecular weight wheat glutenin, alone or in combination with "as2/asl" boxes, and a 
construction comprising a "GC-rich" box. 

Figure 5 shows photographs of tobacco leaves which have been transformed with vectors 
containing the promoters or [lacuna] nucleic acid sequences described above functionally linked 
to the gene encoding GUS (beta-glucuronidase). Blue dots indicate the presence of cells 
2 5 transformed with the constructs, and thus, the activity of the promoters in the constructs. 

Figures 6 and 7 represent graphs comparing promoter activity of various constructs after 
transient expression in maize albumens. Three days after bombarding with vectors comprising 
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the constructs, leaves were ground, crude extracts clarified by centrifugation, and the activity of 
the appropriate reporter gene determined. 6-glucuronidase activity and luciferase activity were 
measured by fluorimetry on an aliquot of the crude extract, and then the GUS activity/LUC 
activity ratio was determined. The histograms correspond to the mean of ratios for the same 
5 construct +/- Standard Error of the Mean (SEM). 

Figure 8 represents a graph comparing the promoter activity of MPrl 139, MPrl200 and 
MPrll31 to that of the 512 gamma-zein promoter in stable expression in maize albumen, 30 
days after pollination (30 DAP). The p-glucuronidase activity and the total quantity of proteins 
were determined respectively by luminometry and spectrometry. The histograms correspond to 
10 the average ratios of GUS activity / total proteins measured seed by seed for each plant, +/- 
standard mean error. The name of each transformant is indicated in the Figure. 

il Figure 9 represents the time course of p-glucuronidase activity controlled by the promoter 

•1 MPrl 139 in stable expression in maize albumen, p-glucuronidase activity and the quantity of 
Ui total proteins were determined by luminometry and spectrometry. The histograms correspond to 
lgl the average ratios of GUS activity / total proteins measured seed per seed for the plant 151. CI at 
L different stages of development, +/- standard mean error. 

Iij Figure 10a represents a longitudinal section of a maize seed at 13 DAP, Figure 10b 

!i represents a longitudinal section of a maize seed at 20 DAP, and Figure 10c is a top plan view of 
^ a dissected maize seed. All reveal p-glucuronidase activity under the control of the promoter 
2 0 MPrl 139 and stably expressed stable in maize seeds, visualized by histochemical staining (blue 
color), where the letters indicate the following : E (embryo) ; Em (endosperm) ; AC (aleurone 
cells) ; and P (pericarp). 

Figure 1 1 represents a graph comparing the promoter activity of MPrl 139 in first 
generation maize seeds (Tl) to that of second generation transgenic maize seeds (T2), 18 days 
2 5 after pollination (18 DAP). The p-glucuronidase activity and the quantity of total proteins were 
measured by luminometry and spectrometry respectively. The histograms correspond to the 
average ratios of GUS activity / total proteins measured seed per seed for each plant, +/- standard 
mean error. The name of each transformant is indicated in the Figure. 
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Figure 12 represents a graph comparing the promoter activity of MPrl 139, MPrl200 and 
MPrl 13 1 to that of the 5 12 gamma-zein promoter in stable expression of maize leaves, 3 weeks 
after acclimatization in a greenhouse. The (3-glucuronidase activity and the quantity of total 
proteins were measured by luminometry and spectrometry respectively. The histograms 
correspond to the ratios of GUS activity / total proteins measured in the leaves of different maize 
leaves. The name of each transformant is indicated is indicated in the Figure. 

Figure 13 represents a graph comparing the promoter activity of MPrl 130, MPrl 131, 
MPrl 135, MPrl 138 and MPrl 139 to that of the reference promoters CaMV D35S and HMWG- 
Dx5 during stable expression in tobacco leaves, at the 1 1 week stage of development after 
acclimatization in a greenhouse. The p-glucuronidase activity and the quantity of total proteins 
were measured by luminometry and spectrometry respectively. The histograms correspond to 
the ratios of GUS activity / total proteins measured in the leaves of different tobacco plants. 

Figure 14 represents a graph comparing the promoter activity of MPrl 130, MPrl 13 1 , 
MPrl 135, MPrl 138 and MPrl 139 to that of the reference promoter CaMV D35S, during stable 
expression in mature first generation tobacco seeds. The p-glucuronidase activity and the 
quantity of total proteins were measured by luminometry and spectrometry respectively. The 
histograms correspond to the ratios of GUS activity / total proteins measured in the seeds of 
different tobacco plants. 

Definitions 

The following definitions are provided for specific terms which are used in the following 
written description. 

As used herein, the term "nucleic acid" refers to DNA or RNA. 

As used herein, the term "nucleic acid sequence" means a single- or double-stranded 
oligomer or polymer of nucleotide bases read from the 5' end towards the 3' end. "Nucleic acid 
sequences" include, but are not limited to, self -replicating plasmids, genes, infectious and non- 
infectious DNA or RNA polymers, and functional or nonfunctional DNA or RNA (i.e., the DNA 
or RNA may or may not encode a polypeptide). In the nucleotide notation used in the present 
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application, except where specifically mentioned, the left-hand end of a single-stranded 
nucleotide sequence is the 5 ? end. 

As used herein, the phrase "nucleic acid sequence derived" means that the sequence is 
obtained directly or indirectly from the sequence to which reference is made, for example, by 
5 substitution, deletion, addition, mutation, fragmentation (e.g., by restriction enzymes or nuclease 
digestion) and/or by synthesis of one or more nucleotides. Sequences may be "obtained" by 
replicating and modifying reference sequences or by synthesizing modified sequences based on 
information relating to the sequence of the reference sequence. 

As used herein, the term "promoter" or the phrase "promoter nucleic acid sequence" 
10 refers to a nucleic acid sequence which is upstream of the translation start codon, and which is 

0 required for the recognition and binding of RNA polymerase and of other proteins for 

5S transcription to initiate RNA synthesis. A "minimal promoter" of a "functional element of a 

^ promoter" is the smallest number of nucleotides necessary upstream of a transcription start site 

y for initiation of RNA synthesis. A promoter necessarily comprises a minimal promoter sequence 

lEp but may also comprise additional sequences. As used herein, the sequence of a promoter can 

L also include sequences transcribed between the transcription start site and the translation start 

01 site. 

;2 As used herein, the term "plant promoter" refers to a promoter which is capable of 

H initiating transcription in plant cells. 

2 0 As used herein, the term "constitutive promoter" refers to a promoter which is capable 

of expressing nucleic acid sequences which are linked in a functional manner to the promoter, in 
all or practically all (e.g., greater than 80% and preferably greater than 90% of) the tissues of the 
host organism throughout the development of said organism. 

As used herein, a "tissue-specific promoter" refers to a promoter which is capable of 
2 5 selectively expressing nucleic acid sequences which are linked in a functional manner to said 
promoter, in certain specific tissues of the host organism (i.e., in less than 50% of tissues in the 
host organism, preferably, in less than 20%, and more preferably, in less than 10% of tissues in 
the host organism). 
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As used herein, a "regulatory sequence" is a sequence which controls the amount and/or 
tissue specificity of transcription of a downstream coding sequence to which is operably or 
functionally linked. 

As used herein a promoter or enhancer or other regulatory sequence (e.g., a "box") 
5 "linked in a functional manner" or "operably linked" refers to sequences which are in sufficient 
proximity and in an appropriate orientation with respect to a transcription unit (a nucleic acid 
sequence to be transcribed, such as a gene sequence) to activate transcription of the transcription 
unit to produce at least 1.5-fold greater levels of transcript than would be produced from a 
transcription unit not so linked, and preferably, at least a 2-fold, at least a 3-fold, at least a 4- 
10 fold, at least a 5-fold, at least a 10-fold, at least a 20-fold, or at least a 30-fold increase. Where a 
regulatory sequence (e.g., promoter, enhancer, or other box) confers tissue-specific expression on 
II an endogenous gene, the phrase "linked in a functional manner" or "operably linked" denotes 
J't that tissue-specific expression is retained when the sequence linked in a functional manner or 
P operably linked to another transcription unit which it is not normally in proximity to, i.e., as in an 
15j expression cassette. As used herein, "in proximity" refers to a close enough distance in terms of 
m nucleotides such that activation of the regulatory sequence activates transcription of the 
P transcription unit. 

% As used herein, "upstream" refers to a position at least one nucleotide away from the 5' 

! J en d 0 f a reference sequence. 

2 0 As used herein, "downstream" refers to a position at least one nucleotide away from the 

3' end of a sequence. 

As used herein, the term "expression cassette" means nucleotide sequences which are 
capable of directing the expression of a nucleic acid sequence, or of a gene, encoding a 
polypeptide to be produced in a host organism. Such cassettes include at least one promoter and 
2 5 one transcription termination signal, and optionally other sequences which are required or useful 
for expression (e.g., such as enhances or other regulatory sequences). 

As used herein, the term "vector" means an expression system adapted for delivery to a 
host cell which comprises an element facilitating entry into a cell and/or replication within a cell. 

10 



Vectors encompassed within the scope of the invention, include, but are not limited to for , 
DNA-coated projectiles, nucleic acid-based transit vehicles (e.g., liposomes), and other nucleic 
acid molecules which have been adapted to deliver and a nucleic acid of interest to a cell. 
Vectors can be autonomously self-replicating circular DNA, such as, plasmids, cosmids, 
phagemids, and the like. If a recombinant cell culture or microorganism is described as being the 
"host" of an "expression vector", the expression vector can be extrachromosomal circular DNA 
(such as, for example, mitochondrial or chloroplastic DNA) which replicates independently of 
host chromosomes or can be integrated into host chromosome(s) and replicated with host 
chromosomes during mitosis. 

As used herein, the term "plasmid" means an autonomous circular DNA molecule 
capable of replicating in a cell, and encompasses both "expression" plasmids which activate 
transcription genes cloned therein and "nonexpression" plasmids which serve as carriers for 
cloned sequences but which may or may not express these sequences. If a recombinant cell 
culture or microorganism is described as being the host of an "expression" plasmid, the 
cell/microorganism comprises extrachromosomal circular DNA molecules and/or DNA which 
has been integrated into the host chromosome(s). If a plasmid is "maintained" by a host cell, the 
plasmid is either stably replicated by the cell during mitosis as an autonomous structure, or is 
integrated into the genome of the host and stably replicated with the host cell's chromosomes. 

As defined herein, the term "heterologous sequence" or "heterologous nucleic acid 
sequence" means a sequence originating from a source, or from a species, which is foreign to its 
environment (e.g., not normally expressed in the environment) or, if it originates from the same 
environment, has been modified with respect to its original form (e.g., to encode a protein with a 
different kind or degree of activity). The modification of the nucleic acid sequence can take 
place, for example, by treating the nucleic acid with a restriction enzyme so as to generate a 
nucleic acid fragment which is capable of being linked in a functional manner to a promoter. 
The modification can also take place via techniques such as site-direct mutagenesis. 

As defined herein, - the term "box" means a nucleic acid sequence to which a regulatory 
function is attributed (e.g., a function such as regulation of tissue-specific expression and/or 
transcriptional activation). 



11 



As defined herein,- the term "box-like" or "like sequence" means that the box and/or the 
nucleic acid sequence with which this term is associated comprises at least 50% sequence 
identity with a reference box and/or a known reference nucleic acid sequence (i.e., a consensus 
sequence), more preferably a sequence identity of at least 75%, and still more preferably a 
sequence identity of at least 90% with the reference sequence. The percentage sequence identity 
is calculated on the basis of a window of comparison of at least 6 nucleotide bases, at least 10 
nucleotide bases, at least 20 nucleotide bases, at least 30 nucleotide bases, at least 40 nucleotide 
bases, or at least 50 nucleotide bases. The determination of a window of comparison can be 
carried out using sequence alignment algorithms in order to determine homology with the 
reference sequence, for example , by using a local homology algorithm, a homology alignment 
algorithm, and/or a similarity search algorithm, these algorithms also existing in computer form, 
known under the names GAP, BESTFIT, FASTA and TFASTA. The percentage sequence 
identity is obtained by comparing the reference sequence with the box and/or the nucleic acid 
sequence. 

As used herein, the term "located" means the position on a nucleic acid sequence of an 
identified element, such as a "box", a restriction site or a codon having a specific function. The 
position, which is given by a number, refers to the position of the start of the element in the 
nucleic acid sequence, except where specifically mentioned, in the direction of reading of the 
latter, i.e. in the 5'->3' direction. 

As used herein,- the term "-300 Element", "EM", "endosperm motif, "P-box" or 
"Prolamine-like" box means a regulatory or functional motif or element which directs 
transcription of operably linked coding sequences in endosperm (e.g., such as sequences 
encoding storage proteins in many cereals) and is under the control of a common regulatory 
mechanism mediating the coordinated expression of zein genes during the development of the 
maize albumen. The sequence of this element is described in Ueda et al., 1994, Mol Cell Biol 
14(7) : 4350-9; Quail et al., 1992, Mol Gen. Genet. 231(3 ): 369-74; and Nakase et al., 1996, 
Gene 170(2) : 223-6, the entireties of which are incorporated herein by reference. 

As defined herein, the term "G-like" box means an ACGT core motif, the functional 
contribution to transcriptional regulation of which has been defined in few cases, but which 
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appears to be necessary for maximum expression of a promoter. "G-like boxes" are described 
further in Block et aL, 1990, Proc. Natl Acad. Sci. USA 87(14) : 5387-9; 
Giuliano et ah, 1988, Proc. Natl Acad. ScL USA 85(19) : 7089-93; and McKendree et aL, 1990, 
Plant Cell 2(3):207-14, the entireties of which are incorporated by reference herein. 

As used herein, the term "enhancer" box means a regulatory DNA sequence which can 
act in cis at a distance from a transcription unit (sequences between the +1 and polyadenylation 
signal), independently of its orientation and upstream or downstream of its target promoter, and 
which can generally consist of multiple short motifs which bind a combination of trans-acting 
factors so as to confer inducibility, tissue specificity and/or a general increase in the activity of a 
promoter operably linked thereto. 

As used herein, the term "GAT A" box means a regulatory or functional motif or element 
comprising at least one core GATA sequence which is preferably provided upstream of a 
promoter. GATA boxes can be used to obtain light inducible expression. A mutational analysis 
of GATA motifs is disclosed in Gilmartin et aL, 1990, Plant Cell 2: 369-378 , the entirety of 
which is incorporated by reference herein. 

As used herein, the term "asl" or "activating sequence 1" box means a regulatory or 
functional motif or element preferably originating from the 35S promoter of the CaMV 
(cauliflower mosaic virus), which can confer expression in roots and which can play a more 
complex role in promoter regulation through synergistic interactions with other cis-activating 
elements, and which can optionally be salicylic acid-inducible (see, e.g., Lam et aL, 1989, The 
Plant Cell 1(12) : 1 147-56, the entirety of which is incorporated by reference herein). 

As used herein, the term "as2" or "activating sequence 2" box means a regulatory or 
functional motif or element preferably originating from the 35S promoter of the CaMV 
(cauliflower mosaic virus), which can confer expression in the photosynthetic tissues (e.g., 
leaves), and which can have transcriptional activator activity (see, e.g., Lam et aL, 1989, The 
Plant Cell 1(12) : 1 147-56, the entirety of which is incorporated by reference herein). As used 
herein, an "asl/as2 box" or an "asl/as2" box comprises sequences of both box elements. 
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As used herein,- the term "cereal" box refers to a regulatory or functional motif or 
element which may confer seed-specific expression in at least wheat. 

As used herein, the term "GC-rich" box means a regulatory or functional motif or 
element which is rich in G or C nucleotides (e.g., at least 50% G or C nucleotides in a stretch of 
5 at least six nucleotides), for example originating from a geminivirus (see, e.g., Fenoll et al, 1990, 
Plant Molecular Biology 15: 865-877, the entirety of which is incorporated by reference herein). 

As used herein, the term "transgenic plant" means a plant which has been obtained by 
genetic manipulation techniques and which has at least one exogenous nucleic acid sequence 
introduced into the genome of at least one of its cells (e.g., a sequence not found in a naturally 
10 occurring plant in the wild). A "transgenic plant" encompasses whole plants obtained by such 
13 manipulations, regenerated plants which integrate exogenous nucleic acid sequences into their 
i3 genome, or which express such nucleic acid sequences in their progeny, and the plant organs, for 
example, roots, stalks and leaves, obtained by these techniques. The transgenic plants according 
Id to the present invention can have various levels of ploidy, and can in particular be polyploid, 
lfirj diploid or haploid. 

^3 As used herein, the term "propagule" means a mass or group of plant cells which is 

ij structured or unstructured, and which enables the regeneration of a whole plant, for example 
JS explants, calluses, stalks, leaves, roots, cuttings and seeds. 

Synthetic and Chimeric Promoters, Expression Cassettes, Plasmids, Vectors, Transgenic Plants 
2 0 and Seeds Containing Them, and Methods For Producing Them 

In the detailed description which follows, enzymatic treatments were performed with 
restriction enzymes and DNA modification enzymes according to the recommendations of the 
supplier, New England Biolabs. Following each enzymatic treatment, DNA was systematically 
purified with the aid of the "QIAquick PCR Purification" (QIAGEN) or "Concert Rapid PCR 
2 5 Purification System" (GIBCO BRL Life Technologies), or, if specified, with the aid of the 

"QIAquick Gel Extraction" (QIAGEN) or "Concert Rapid Gel Extraction System" (GIBCO BRL 
Life Technologies) kits according to the manufacturer's instructions. The "Gene Amp PCR 
System 9700" thermocycler used is sold by Perkin Elmer Applied Biosystems. 
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EXAMPLES 



The invention will now be further illustrated with reference to the following examples. It 
will be appreciated that what follows is by way of example only and that modifications to detail 
may be made while still falling within the scope of the invention. 

Example 1 

Constructs for comparative purpose (controls)* 

In order to enable the comparison of the chimeric promoters described herein, the uidA 
gene encoding b-glucuronidase (Jefferson et aL, 1986, Proc. Nat. Acad. Sci. USA, 85: 8447- 
8451) containing the sequence of intron IV2 of the potato patatin gene ST-LS1 (Vancanneyt et 
aL, 1990, Mol Gen, Genet 220: 245-250) (uidA-YV2) was placed under the control of one of the 
reference promoters and of the nopaline synthase gene terminator (term-rcos) of Agrobacterium 
tumefaciens, in the plasmid pGEM3Z sold by Promega Corp. (Madison, USA). 

1.1. Construction of the negative control pMRT1144. 

The plasmid pMRTl 144, devoid of any promoter sequence, is used as a negative control. 
It is derived from the plasmid pGEM3Z into which the sequence "uidA-YV2fterm-nos" has been 
introduced. 

Firstly, 5 jag of the plasmid pBI221 (Clonetech, CA, USA) were digested for 1 h at 37°C 
with the restriction enzymes EcoRI and BamHL The uidA sequence under the control of the 
nopaline synthase terminator was then isolated on a 0.8% agarose gel with the aid of the 
"QIAquick Gel Extraction" kit. 

In parallel, 5 jig of plasmid pGEM3Z were digested with the restriction enzyme pair 
EcoRI and BamHI for 1 h at 37°C. The vector fragment was then isolated on a 0.8% agarose gel 
with the aid of the "QIAquick Gel Extraction" kit, and dephosphorylated with 40 U of calf 
intestine alkaline phosphatase (New England Biolabs) in the presence of buffer 3 (IX) at 37°C 
for 1 h. 
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The ligation reaction was carried out with 50 ng of the "uidA-TN2lterm-nos" fragment 
and 100 ng of plasmid pGem3Z, thus treated, in a 10 jil reaction mixture, in the presence of T4 
DNA ligase buffer (IX) and of 400 units of T4 DNA ligase (New England Biolabs) in the 
"GeneAmp PCR System 9700" thermocycler. It consists of one cycle at 10°C for 30 sec. and of 
200 identical cycles each consisting of the following steps: 30 sec. at 30°C, 30 sec. at 10°C and 
30 sec. at 30°C. Escherichia coli DH5a bacteria, which had been made competent beforehand, 
were transformed with all of the ligation reaction mixture. The plasmid DNA of the clones 
obtained, which were selected on Luria-Bertani medium (LB, 10 g/1 bactotryptone, 5 g/1 yeast 
extract, 10 g/1 NaCl, pH 7.2 and 15 g/1 Agar-Agar) supplemented with ampicillin (50 mg/1), was 
extracted according to the alkaline lysis method (Birnboim and Doly, 1979, Nuc. Ac. Res, 7: 
1513.) and analysed with enzymatic digestions. The resulting plasmid was called 
pGEM3Z/uidA/term-nos. 

Secondly, in order to insert the 192-bp intron IV2 of the potato patatin gene into the uidA 
coding sequence of pGEM3Z/wziA/term-rc<9s, an internal portion of this gene (710-bp 
SnaBI/BstBI fragment) was excised and then replaced with the equivalent sequence containing 
intron 1V2 (902-bp SnaBI/BstBI fragment). 

In order to do this, 10 ^ig of the plasmid pGEM3Z/w/dMerm-rcos were digested for 1 h at 
37°C with SnaBI (restriction site located at position +383 bp downstream of the ATG start codon 
of the uidA gene), and then for 1 h at 65°C with BstBI (site located at position +1093 bp). The 
plasmid thus deleted of the 710-bp fragment was isolated on a 0.8% agarose gel with the aid of 
the "QIAquick Gel Extraction" kit, and dephosphorylated with 40 U of calf intestine alkaline 
phosphatase (New England Biolabs) in the presence of buffer 3 (IX) at 37°C for 1 h. 

The 902-bp BstBI/SnaBI fragment corresponding to the sequence of intron IV2 followed 
by the uidA sequence was obtained by digesting 10 \ig of the plasmid p35S GUS INT 
(Vancanneyt et al., 1990, MoL Gen. Genet. 220: 245-250) with the restriction enzyme SnaBI 
(restriction site located at position +383 bp downstream of the ATG start codon of the uidA gene) 
for 1 h at 37°C, and restriction enzyme BstBI (site located at position +1285 bp) for 1 h at 37°C. 
The 902-bp fragment was then isolated on a 1% agarose gel with the aid of the "Concert Rapid 
Gel Extraction System" kit. 
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The ligation reaction was carried out with 100 ng of vector pGEM3Z/widA/term-nc?s and 
50 ng of the 902-bp BstBI/SnaBI fragment thus treated, in a 10 pi reaction mixture, in the 
presence of the T4 DNA ligase buffer (IX) and of 400 units of T4 DNA ligase (New England 
Biolabs) in the "GeneAmp PCR System 9700" thermocycler as described above. Escherichia 
coli DH5a bacteria, which had been made competent beforehand, were transformed with all of 
the ligation reaction mixture. The plasmid DNA of the clones obtained, which were selected on 
LB medium supplemented with ampicillin (50 mg/1), was extracted according to the alkaline 
lysis method and analysed with enzymatic digestions. The plasmid obtained was called 
pMRT1144. 

1.2. Construction of the positive control pMRT1218. 

In order to have a reference sequence which is a promoter in the maize albumen SN 87 
165 (L2), the 1.7-kb whole g-zein promoter (Prg-zein) contained in the plasmid p63 described by 
Reina et al. (1990, Nucleic Acids Research 18: 6426) was placed upstream of the sequence uidA- 
IV2/term-n0s. 

The 1.7-kb g-zein promoter was obtained by digesting 15 (ig of plasmid p63 with the 
restriction enzymes Hindlll and BamHI for 1 h at 37°C. The 1.7-kb Prg-zein fragment thus 
released was isolated on a 0.8% agarose gel with the aid of the "Concert Rapid Gel Extraction 
System' 5 kit. 

In parallel, 10 ng of plasmid pMRTl 126 (described in section 3.4 of Example 3) were 
also digested with the restriction enzymes Hindlll and BamHI for 1 h at 37°C. The vector 
fragment was then isolated on a 0.8% agarose gel with the aid of the "Concert Rapid Gel 
Extraction System" kit, and dephosphorylated with 40 U of calf intestine alkaline phosphatase 
(New England Biolabs) in the presence of buffer 3 (IX) at 37°C for 1 h. 

The ligation reaction was carried out with 50 ng of the g-zein promoter fragment and 100 
ng of plasmid pMRTl 126, thus treated, in a 10 jjlI reaction mixture, in the presence of the T4 
DNA ligase buffer (IX) and of 400 units of T4 DNA ligase (New England Biolabs), in the 
"GeneAmp PCR System 9700" thermocycler as described above. Escherichia coli DH5a 
bacteria, which had been made competent beforehand, were transformed with all of the ligation 
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reaction mixture. The plasmid DNA of the clones obtained, which were selected on LB medium 
supplemented with ampicillin (50 mg/1), was extracted according to the alkaline lysis method and 
analysed with enzymatic digestions. The resulting plasmid was called pMRT1218. 

1.3. Construction of the positive control pMRT1092. 

In order to have a reference sequence which is a promoter in the photosynthetic tissues of 
tobacco (Nicotiana tabacum L., cultivar PBD6), the double 35S promoter of the cauliflower 
mosaic virus (CaMV PrD35S) was placed upstream of the sequence uidA-TV2/term-nos. 

Firstly, the 192-bp intron IV2 of the potato patatin gene was inserted into the uidA coding 
sequence at position +383 bp as described in section 1.1. In order to do this, 1 ug of plasmid 
pBI221 (Clontech, CA, USA) was digested for 1 h 30 min. at 37°C with SnaBI, and then for 1 h 
30 min. at 65°C with BstBI. The plasmid deleted of a 710-bp fragment was isolated on a 0.8% 
agarose gel, and then purified on a Qiaquick affinity column. A 20 ng amount of BstBI/SnaBI 
pBI221 vector and 80 ng of the 902-bp BstBI/SnaBI fragment originating from p35S GUS INT 
as described above were ligated overnight at 18°C in a 10 ul reaction mixture, in the presence of 
the T4 DNA ligase buffer (IX) and of 400 units of T4 DNA ligase enzyme (New England 
Biolabs). Escherichia coli DH5a bacteria, which had been made competent beforehand, were 
transformed with half of the ligation reaction mixture. The DNA of the clones obtained, which 
were selected on LB medium supplemented with ampicillin (50 mg/1), was extracted according 
to the alkaline lysis method and analysed with enzymatic digestions. The plasmid obtained was 
called pBI221/w/dA-IV2. 

Secondly, the sequence of the CaMV 35S promoter present in the plasmid pBI221/Mi'rfA- 
IV2 was replaced with the sequence of "CaMV PrD35S". The plasmid pBI221/«idA-IV2 was 
digested for 10 h 30 min. at 37°C with Hindlll, and then the sticky ends were made blunt-ended 
using the Klenow fragment (New England Biolabs) for 30 min at 37°C. The product of this 
reaction was then digested overnight at 37°C with BamHI. The plasmid DNA fragment, 
corresponding to the vector deleted of the 828-bp CaMV 35S promoter fragment, was isolated on 
a 0.8% agarose gel, and then purified on a Qiaquick affinity column. 
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In parallel, the CaMV D35S promoter was obtained from the plasmid pJIT163D. This 
plasmid is derived from the plasmid pJIT163, which is itself derived from the plasmid pJIT160 
(Guerineau and Mullineaux, 1993, In Plant Molecular Biology Labfax, Croy R.R.D. (Ed.), BioS 
Scientific Publishers, Blackwell Scientific Publications). The plasmid pJIT163 has an ATG 
5 codon between the Hindlll and Sail sites of the polylinker. In order to delete this ATG and to 
obtain the plasmid pJIT163D, the pJIT163 plasmid DNA was digested with Hindlll and Sail, 
purified on a 0.8% agarose gel, electroeluted, precipitated in the presence of a 1/10 volume of 
3M sodium acetate, pH 4.8, and of 2.5 volumes of absolute ethanol at -80°C for 30 min, 
centrifuged at 12,000 g for 30 min, washed with 70% ethanol, dried, subjected to the action of 
1 0 the Klenow fragment (New England Biolabs) for 30 min at 37°C, deproteinized by extraction 
with one volume of phenol, then one volume of phenol/chloroform/isoamyl alcohol (25/24/1 
o v/v/v) and finally one volume of chloroform/isoamyl alcohol (24/1 v/v), precipitated in the 
JS presence of a 1/10 volume of 3M sodium acetate, pH 4.8, and of 2.5 volumes of absolute ethanol 
['4 at -80°C for 30 min, then centrifuged at 12,000 g for 30 min, washed with 70% ethanol, dried 
l|j and finally ligated in the presence of the T4 DNA ligase buffer (IX) and 2.5 units of T4 DNA 
^ ligase (Amersham) at 14°C for 16 h. Escherichia coli DH5a bacteria, which had been made 
s competent beforehand, were transformed. The plasmid DNA of the clones obtained, which were 
m selected on LB medium supplemented with ampicillin (50 mg/1), was extracted according to the 
JJ~ alkaline lysis method and analysed with enzymatic digestions. Next, ten jig of plasmid 
2p pJIT163D were digested for 10 h. 30 min. at 37°C with Kpnl (site located 5' of the promoter), 
s "" and then the sticky ends were made blunt-ended using 6 units of T4 DNA polymerase (New 
England Biolabs) for 30 min at 37°C. The product of this reaction was then digested overnight 
at 37°C with BamHI. The resulting 761-bp DNA fragment, corresponding to the CaMV D35S 
promoter, was isolated on a 1% agarose gel, and then purified on a Qiaquick affinity column. 

2 5 The ligation was carried out with 10 ng of plasmid vector and 100 ng of the 761-bp fragment, in 

a 10 |al reaction mixture, in the presence of the T4 DNA ligase buffer (IX) and 400 units of T4 
DNA ligase (New England Biolabs) overnight at 18°C. Escherichia coli DH5a bacteria, which 
had been made competent beforehand, were transformed with half of the ligation reaction 
mixture. The plasmid DNA of the clones obtained, which were selected on LB medium 

3 0 supplemented with ampicillin (50 mg/1), was extracted according to the alkaline lysis method and 

analysed with enzymatic digestions. The plasmid obtained was called pMRT1092. 
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1.4. Description of the reference plasmid pCaMV35Sluc. 

The plasmid used as an internal reference in the transient expression is pCaMV35Sluc (Torrent 
et ah, 1997, Plant Mol Biol 34: 139-149), which contains the cassette for expression of the 
luciferase (luc) reporter gene under the control of the CaMV 35S promoter and RNA terminator. 

Example 2. 

Construction of plasmids containing the whole promoter sequence and deleted or 
duplicated promoter sequences of a high molecular weight wheat glutenin gene. 

The whole promoter (PrHMWG-Dx5 (SEQ ID NO. 1)) of the high molecular weight 
glutenin gene encoding the Dx5 subunit, also called GluDl-lb, of the hexaploid wheat Triticum 
aestivum L. cv Cheyenne (Anderson et al., 1989, Nucleic Acids Research 17: 461-462) 
corresponds to a 417-bp sequence (accession No. X12928) ranging from position -378 bp to 
position +39 bp, on which diverse potentially regulatory sequences are identified and listed on 
the 5' side towards the 3 ? side, with respect to the +1 transcription start point (Fig. I): 

- a prolamine-'like" box, stretching from position -357 to position -350 bp, 

- two GATA boxes, stretching from position -309 to position -306 bp, and position -292 
to position -289 bp, 

- a prolamine-"like" box, stretching from position -252 to position -246 bp, 

- an 8-bp "G"-like box, stretching from position -218 to position -21 1 bp, 

- a 38-bp activating element, stretching from position -186 to position -149 bp, composed 
of a mosaic of putative ris-activating motifs: 

- a prolamine box, stretching from position -182 to position -176 bp, 

- a sequence with imperfect symmetry, stretching from position -178 to position - 
161 bp, 
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- a direct repeat of the pentanucleotide GCTCC between positions -176 and -163 

bp, 

- an "E" box, stretching from position -172 to position -167 [lacuna], 

- a direct repeat of the pentanucleotide TTGCT between positions -169 and -158 
5 bp, 

- a "TATA" box, having the consensus TATAAAA from position -30 to -24 [lacuna], 

- the +1 transcription start point (position 1), 

- an untranslated 5' region ranging from position +1 to position +39 bp. 

? :f In order to study the effect of the various putative deactivating elements described 

1 ffi above, a detailed functional analysis of the HMWG-Dx5 promoter (SEQ ID NO. 1) was carried 
n out. The uidA-lV2 reporter gene was placed under the control of the whole HMWG-Dx5 

K promoter (SEQ ED NO. 1) and under the control of the synthetic HMWG-Dx5 (SEQ ID NO. 1) 
!H promoters having either increasing deletions of the 5' regions, or an internal deletion, or 
1=1 duplications of an internal portion. 

igJ 2.1. Construction of the plasmid pMRT1125. 

f I The plasmid pMRTl 125 is the result of cloning the whole promoter of the high molecular 

weight glutenin gene (PrHMWG-Dx5 (SEQ ID NO. 1), Fig. 1) upstream of the uidA-W2 
reporter gene, and constitutes the reference construct for all of the synthetic HMWG-Dx5 (SEQ 
ID NO. 1) promoters described in this patent. 

2 0 The HMWG-Dx5 promoter (SEQ ID NO. 1) described by Anderson et al. (1989, supra) 

was obtained from the expression cassette 4 TrHMWG-Dx5 (SEQ ID NO. l)/wfdA/term-nos" 
introduced into a pUC19 plasmid (Stratagene) according to the usual cloning techniques. Ten |xg 
of the resulting plasmid (pPUC19-HMWG) were hydrolysed with EcoRI for 1 h at 37°C, and 
subjected to the action of 20 U of the Klenow fragment (New England Biolabs) for 30 min at 
2 5 37°C in the presence of 60 nmol of each of the dNTPs, of 12 \i\ of 500 mM Tris-HCL, 

pH 7 J/500 mM MgCl2 buffer and 6 |il of 1 M dithiothreitol (DTT). The DNA was then digested 



21 



with BamHI for 1 h at 37°C, and the HMWG-Dx5 promoter fragment (SEQ ID NO. 1) thus 
released and treated was isolated on a 1.5% agarose gel with the aid of the "QIAquick Gel 
Extraction" kit. 

In parallel, the vector fragment was prepared from the plasmid pMRT1097 (unpublished 
French patent application FR 9903635). Twenty jig of plasmid pMRT1097 were digested for 1 h 
at 37°C with SphI, and the sticky ends of the vector pMRT1097 thus linearized were made blunt- 
ended using 6 U of the T4 DNA polymerase enzyme (New England Biolabs) for 30 min. at 
37°C. The product of this reaction was then hydrolysed with BamHI, and the vector fragment 
was isolated on a 0.8% agarose gel with the aid of the "QIAquick Gel Extraction" kit, before 
being dephosphorylated with 40 U of calf intestine alkaline phosphatase (New England Biolabs) 
in the presence of buffer 3 (IX) at 37°C for 1 h. The resulting cloning vector was called 
pGEM3Z-l. 

The ligation was carried out with 100 ng of the HMWG-Dx5 promoter fragment (SEQ ID 
NO. 1) thus treated and 50 ng of plasmid pGem3Z-l overnight at 16°C in a 10 \A reaction 
mixture, in the presence of the T4 DNA ligase buffer (IX) and of 400 units of T4 DNA ligase 
(New England Biolabs). Escherichia coli DH5a bacteria, which had been made competent 
beforehand, were transformed with all of the ligation reaction mixture. The plasmid DNA of the 
clones obtained, which were selected on LB medium supplemented with ampicillin (50 mg/1), 
was extracted according to the alkaline lysis method and analysed with enzymatic digestions. 

The plasmid obtained was called pMRTl 125, and the HMWG-Dx5 promoter (SEQ ID 
NO. 1) (shown diagrammatically in Fig. 1 was verified by sequencing. 

2.2. Construction of the MPrll28 promoter. 

The MPR1128 promoter (SEQ ID NO. 4) is derived from PrHMWG-Dx5 (SEQ ID NO. 
1) by deleting the sequence located upstream of nucleotide -238, this sequence comprising the 
two prolamine-"like" boxes and the two GATA boxes. The promoter fragment was amplified by 
PCR from 5 ng of pMRT1125 matrix DNA (described in section 2.1 of Example 2) with the aid 
of 100 pmol of each of the 2 oligodeoxynucleotides 5' ATCGGAATTCCAGAACTAGGATTA- 
CGCCG 3\ containing the EcoRI restriction site, and 
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5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the BamHI restriction site, in 
the presence of 50 nmol of each of the dNTPs, of the Vent DNA polymerase buffer (IX) and of 2 
U of Vent DNA polymerase (New England Biolabs). The PCR amplification reaction was 
carried out in the "GeneAmp PCR System 9700" thermocycler. After a denaturation at 94°C for 
5 min., the DNA was subjected to 30 cycles each consisting of the steps of denaturation at 94°C 
for 1 min., of hybridization at 50°C for 1 min. and elongation at 72°C for 1 min. 30 sec. During 
the final cycle, the elongation was continued at 72°C for 5 min. 

The DNA fragment derived from the amplification was isolated on a 1.5% agarose gel 
with the aid of the "QIAquick Gel Extraction" kit, hydrolysed with EcoRI for 1 h at 37°C and 
subjected to the action of 20 U of the Klenow fragment (New England Biolabs) for 30 min at 
37°C in the presence of 60 nmol of each of the dNTPs, of 12 ul of 500 mM Tris-HCL, pH 
7.5/500 mM MgC12 buffer and 6 ul of 1 M DTT. The DNA thus treated was then digested with 
BamHI for 1 h at 37°C. 

The ligation was carried out with 100 ng of the MPR1128 promoter fragment (SEQ ID 
NO. 4) thus treated and 50 ng of plasmid pGEM3Z-l (described in section 2.1 of Example 2) 
overnight at 16°C in a 10 ul reaction mixture, in the presence of the T4 DNA ligase buffer (IX) 
and of 400 units of T4 DNA ligase (New England Biolabs). Escherichia coli DH5a bacteria, 
which had been made competent beforehand, were transformed with all of the ligation reaction 
mixture. The plasmid DNA of the clones obtained, which were selected on LB medium 
supplemented with ampicillin (50 mg/1), was extracted according to the alkaline lysis method and 
analysed with enzymatic digestions. 

The plasmid obtained was called pMRTl 128, and the MPR1 128 promoter sequence 
(SEQ ID NO. 4) represented diagrammatically in Fig. 1 was verified by sequencing. 

2.3. Construction of the MPrll27 promoter (SEQ ID NO. 3). 

The MPrl 127 promoter (SEQ ID NO. 3) is derived from the HMWG-Dx5 promoter 
(SEQ ID NO. 1) by deleting the sequence located upstream of nucleotide -205, this sequence 
comprising the two prolamine-"like" boxes, the two GATA boxes and the "G" box. The 
promoter fragment was amplified by PCR and treated in the same way as the MPR1128 
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promoter (SEQ ID NO. 4)(described in section 2.2 of Example 2), except that the 2 
oligodeoxynucleotides used are 5' ATCGGGAATTCGCAGACTGTCCAAAAATC 3', 
containing the EcoRI restriction site, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', 
possessing the BamHI restriction site. 

The plasmid obtained was called pMRTl 127, and the MPrl 127 promoter sequence (SEQ 
ID NO. 3) represented diagrammatically in Fig. I was verified by sequencing. 

2.4. Construction of the MPrll26 promoter (SEQ ID NO. 2). 

The MPrl 126 promoter (SEQ ED NO. 2) is derived from the HMWG-Dx5 promoter 
(SEQ ID NO. 1) by deleting the sequence located upstream of nucleotide -142, this sequence 
comprising the two prolarnine-'like" boxes, the two GATA boxes, the "G" box and the 
activating element. The promoter fragment was amplified by PCR and treated in the same way 
as the MPR1128 promoter (SEQ ID NO. 4)(described in section 2.2 of Example 2), except that 
the 2 oligodeoxynucleotides used are 5' ATCGGAATTCGTGTTGGCAAACTGC 3', containing 
the EcoRI restriction site, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing 
the BamHI restriction site. 

The plasmid obtained was called pMRTl 126, and the MPrl 126 promoter sequence (SEQ 
ED NO. 2) represented diagrammatically in Fig. 1 was verified by sequencing. 

2.5. Construction of the MPrl 183 intermediate promoter. 

The MPrl 183 promoter results from the insertion of an Xbal restriction site upstream of 
the MPR1 128 promoter (SEQ ID NO. 4) (described in section 2.2 of Example 2). The promoter 
fragment was amplified by PCR from 5 ng of pMRTl 128 matrix DNA with the aid of 100 pmol 
of each of the 2 oligodeoxynucleotides 5' ATCggAATTCTAgACgCCg- 
ATTACgTggCTTTAgC 3', containing the EcoRI and Xbal restriction sites, and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the BamHI restriction site, in 
the presence of 50 nmol of each of the dNTPs, of Vent DNA polymerase buffer (IX) and of 2 U 
of Vent DNA polymerase (New England Biolabs). The PCR amplification reaction was carried 
out in the "GeneAmp PCR System 9700" thermocycler. After a denaturation at 94°C for 5 min., 
the DNA was subjected to 30 cycles each consisting of the steps of denaturation at 94°C for 
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1 min., of hybridization at 50°C for 1 min. and of elongation at 72°C for 1 min. 30 sec. During 
the final cycle, the elongation was continued at 72°C for 5 min. 

The DNA fragment derived from the amplification was isolated on a 1.5% agarose gel 
with the aid of the "Concert Rapid Gel Extraction System" kit, hydrolysed with EcoRI for 1 h at 
37°C and then subjected to the action of 20 U of the Klenow fragment (New England Biolabs) 
for 30 min at 37°C in the presence of 60 nmol of each of the dNTPs, of 12 pi of 500 mM Tris- 
HCL, pH 7.5/500 mM MgC12 buffer and 6 |il of 1 M DTT, and digested with BamHI for 1 h at 
37°C. 

The ligation was carried out with 100 ng of the MPR1 128 promoter fragment thus treated 
and 50 ng of plasmid pGem3Z-l (described in section 2.1 of Example 2) overnight at 16°C in a 
10 pi reaction mixture, in the presence of the T4 DNA ligase buffer (IX) and of 400 units of T4 
DNA ligase (New England Biolabs). Escherichia coli DH5a bacteria, which had been made 
competent beforehand, were transformed with all of the ligation reaction mixture. The plasmid 
DNA of the clones obtained, which were selected on LB medium supplemented with ampicillin 
(50 mg/1), was analysed by PCR with the aid of 25 pmol of each of the 2 oligodeoxynucleotides 
5' ATCggAATTCgCAgCCATggTCCTgAACC 3' and 

5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3\ in the presence of 15 nmol of each of the 
dNTPs, of the Taq DNA polymerase buffer (IX), of 75 nmol of MgC12 and of 1.25 U of Taq 
DNA polymerase (Promega Corp.) in a 50 pi reaction volume. The amplification reaction was 
carried out in the "GeneAmp PCR System 9700" thermocycler. After a denaturation at 94°C for 
3 min., the DNA was subjected to 25 cycles each consisting of the steps of denaturation at 94°C 
for 30 sec, of hybridization at 55°C for 1 min. and of elongation at 72°C for 1 min. During the 
final cycle, the elongation was continued at 72°C for 5 min. 

The plasmid obtained was called pMRTl 183, and the MPrl 183 promoter sequence was 
verified by sequencing. 
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2.6. Construction of the MPrll97 promoter (SEQ ID NO. 16). 

The MPrl 197 promoter (SEQ ID NO. 16) is derived from MPrl 183 (described in section 
2.5 of Example 2) by a deletion of the promoter sequence located upstream of nucleotide -57 bp, 
and constitutes the minimum HMWG-Dx5 (SEQ ID NO. 1) promoter studied in this patent. 

In order to do this, 5 jig of plasmid pMRTl 183 were digested successively for 1 h at 
37°C with Xbal and NcoL The vector pMRTl 183 thus deleted of the Xbal/Ncol fragment of the 
MPrl 183 promoter was isolated on a 0.8% agarose gel with the aid of the "Concert Rapid Gel 
Extraction System" kit, and subjected to the action of 20 U of the Klenow fragment (New 
England Biolabs) for 30 min at 37°C in the presence of 60 nmol of each of the dNTPs, of 12 pi 
of 550 mM Tris-HCL, pH 7.5/500 mM MgCl 2 buffer and 6 pi of 1 M DTT. 

The ligation reaction was carried out with 150 ng of plasmid thus modified, in a 10 jal 
reaction mixture, in the presence of the T4 DNA ligase buffer (IX) and of 400 units of T4 DNA 
ligase (New England Biolabs) in the "GeneAmp PCR System 9700" thermocycler, as described 
above. Escherichia coli DH5a bacteria, which had been made competent beforehand, were 
transformed with all of the ligation reaction mixture. The plasmid DNA of the clones obtained, 
which were selected on LB medium supplemented with ampicillin (50 mg/1), was extracted 
according to the alkaline lysis method and verified with enzymatic digestions. 

The plasmid obtained was called pMRTl 197, and the MPrl 197 promoter sequence (SEQ 
ED NO. 16) is represented diagrammatically in Fig. 1. 

2.7. Construction of the MPrll98 promoter (SEQ ID NO. 17). 

The MPrl 198 promoter (SEQ ID NO. 17) is derived from the MPR1 128 promoter (SEQ 
ID NO. 4) (described in section 2.2 of Example 2) by deleting the internal promoter sequence 
stretching from position -59 to position -135 bp, this sequence lacking the cw-activating 
elements identified above. 

It was constructed by fusing, at the Ncol restriction site of pMRTl 183 (described in 
section 2.5 of Example 2), a fragment amplified by PCR from 5 ng of pMRTl 128 matrix DNA 
with the aid of 100 pmol each of the 2 oligodeoxynucleotides 
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5' ATCggAATTCTAgACgCCgATTACgTggCTTTAgC 3', containing the EcoRI and Xbal 
restriction sites, and 5' CATgCCATggCCAACACAAAAgAAgCTgg 3\ possessing the Ncol 
restriction site, in the presence of 50 nmol of each of the dNTPs, of Vent DNA polymerase 
buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs). The PCR 
amplification reaction was carried out in the "GeneAmp PCR System 9700" thermocycler. After 
a denaturation at 94°C for 10 min., the DNA was subjected to 25 cycles each consisting of the 
steps of denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation at 
72°C for 1 min. 30 sec. During the final cycle, the elongation was continued at 72°C for 5 min. 
The DNA fragment derived from the amplification was isolated on a 1.5% agarose gel with the 
aid of the "Concert Rapid Gel Extraction System" kit, and hydrolysed successively with Ncol 
and Xbal, for 1 hat 37°C. 

In parallel, the vector fragment was prepared from the plasmid pMRTl 183 by deleting 
the MPrl 183 promoter region located 5' of the Ncol restriction site. In order to do this, 5 \ig of 
plasmid pMRTl 183 were digested successively for 1 h at 37°C with Xbal and Ncol, and the 
vector fragment of pMRTl 183 was isolated on a 0.8% agarose gel with the aid of the "Concert 
Rapid Gel Extraction System" kit, before being dephosphorylated with 40 U of calf intestine 
alkaline phosphatase (New England Biolabs) in the presence of buffer 3 (IX) at 37°C for 1 h. 

The ligation reaction was carried out with 50 ng of the promoter fragment and 100 ng of 
plasmid thus treated, in a 10 pi reaction mixture, in the presence of the T4 DNA ligase buffer 
(IX) and of 400 units of T4 DNA ligase (New England Biolabs), in the "GeneAmp PCR System 
9700" thermocycler, as described above. Escherichia coli DH5a bacteria, which had been made 
competent beforehand, were transformed with all of the ligation reaction mixture. The plasmid 
DNA of the clones obtained, which were selected on LB medium supplemented with ampicillin 
(50 mg/1), was extracted according to the alkaline lysis method and analysed with enzymatic 
digestions. 

The plasmid obtained was called pMRTl 198, and the MPrl 198 promoter sequence (SEQ 
ID NO. 17) was represented diagrammatically in Fig. I was verified by sequencing. 
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2.8. Construction of the MPrl216 promoter (SEQ ID NO. 21). 

The MPrl216 promoter (SEQ ID NO. 21) is derived from MPR1128 (SEQ ID NO. 4) 
(described in section 2.2 of Example 2) by duplicating the sequence stretching from nucleotides 
-225 to -136 bp, this sequence comprising the "G" box and the activating element. 

It was constructed by cloning into the vector pGEM3Z-l (described in section 2.1 of 
Example 2) the following two promoter fragments: 

- The "MPrl216 (SEQ ID NO. 21) 5' fragment", synthesized by PCR, was amplified 
from 5 ng of pMRTl 128 matrix DNA with the aid of 100 pmol of each of the 2 
oligodeoxynucleotides 5' ATCggAATTCgCCgATTACgTggCTTTAgC 3', containing the EcoRI 
restriction site, and 5' gCTCTAgACCAACACAAAAgAAgCTgg 3' possessing the Xbal 
restriction site, in the presence of 50 nmol of each of the dNTPs, of Vent DNA polymerase 
buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs). The PCR 
amplification reaction was carried out in the "GeneAmp PCR System 9700" thermocycler. After 
a denaturation at 94°C for 10 min., the DNA was subjected to 25 cycles each consisting of the 
steps of denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation at 
72°C for 1 min. 30 sec. During the final cycle, the elongation was continued at 72°C for 5 min. 
The DNA fragment derived from the PCR amplification was isolated on a 1.5% agarose gel with 
the aid of the "Concert Rapid Gel Extraction System" kit, and hydrolysed with EcoRI for 1 h at 
37°C. The DNA fragment was then subjected to the action of 20 U of the Klenow fragment 
(New England Biolabs) for 30 min at 37°C in the presence of 60 nmol of each of the dNTPs, of 
12 ul of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 ul of 1 M DTT, and digested 
with Xbal for 1 h at 37°C. 

- The "MPrl216 (SEQ ID NO. 21) 3' fragment", obtained by the hydrolysis of 5 ug of 
the plasmid pMRT1183 with the restriction enzymes Xbal and BamHI, was isolated on a 1.5% 
agarose gel with the aid of the "Concert Rapid Gel Extraction System" kit. 

The ligation reaction was carried out with 50 ng of the "MPrl216 (SEQ ID NO.21) 
5' fragment" and 50ng of the "MPrl216 (SEQ ID NO. 21) 3' fragment" thus treated, and 50 ng 
of plasmid pGem3Z-l, in a 10 ul reaction mixture, in the presence of the T4 DNA ligase buffer 
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(IX) and of 400 units of T4 DNA ligase (New England Biolabs), in the "GeneAmp PCR System 
9700" thermocycler, as described above. Escherichia coli DH5a bacteria, which had been made 
competent beforehand, were transformed with all of the ligation reaction mixture. The plasmid 
DNA of the clones obtained, which were selected on LB medium supplemented with ampicillin 
5 (50 mg/1), was analysed by PCR with the aid of 10 pmol of each of the 2 oligodeoxynucleotides 
5' ATCggAATTCgCCgATTACgTggCTTTAgC 3 ? and 

5 ? TACggATCCCCggggATCTCTAgTTTgTggTgC 3' in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRT1216, and the MPrl216 promoter sequence (SEQ 
10 ID NO. 21) represented diagrammatically in Fig. I was verified by sequencing. 

! 3 2.9. Construction of the MPrl217 promoter (SEQ ID NO. 22). 

E The MPrl217 promoter (SEQ ID NO. 22) is derived from MPR1 128 (SEQ ID NO. 4) 

O (described in section 2.2 of Example 2) by direct repeat triplication of the sequence stretching 
SJ from nucleotides -225 to -136 bp, this sequence comprising the "G" box and the activating 
IS" element. 

O 

IH The MPrl217 promoter (SEQ ID NO. 22) was constructed by inserting, into the Xbal 

H restriction site of pMRTl 183 (described in section 2.5 of Example 2), two identical promoter 
1 3 fragments synthesized by PCR from 5 ng of matrix DNA with the aid of 100 pmol of each of the 
2 oligodeoxynucleotides 5' ATCggAATTCTAgACgCCgATTACgTggCTTTAgC 3\ containing 
2 0 the EcoRI and Xbal restriction sites, and 5' gCTCTAgACCAACACAAAAgAagCTgg 3' , 

possessing the Xbal restriction site, in the presence of 50 nmol of each of the dNTPs, of Vent 
DNA polymerase buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs). The 
PCR amplification reaction was carried out in the "GeneAmp PCR System 9700" thermocycler. 
After a denaturation at 94°C for 10 min., the DNA was subjected to 25 cycles each consisting of 
2 5 the steps of denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation 
at 72°C for 1 min. 30 sec. During the final cycle, the elongation was continued at 72°C for 5 min. 
The DNA fragment derived from the PCR amplification was isolated on a 1.5% agarose gel with 
the aid of the "Concert Rapid Gel Extraction System" kit, and hydrolysed with Xbal for 1 h at 
37°C. 
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In parallel, the vector fragment was prepared from 10 jig of plasmid pMRTl 183 by 
enzymatic digestion of the Xbal restriction site, located 5' of MPrl 183, for 1 h at 37°C. The 
vector fragment thus linearized was dephosphorylated with 40 U of calf intestine alkaline 
phosphatase (New England Biolabs) in the presence of buffer 3 (IX) at 37°C for 1 h. 

5 The ligation reaction was carried out with 50 ng of promoter fragment and 100 ng of 

vector fragment thus prepared, in a 10 liI reaction mixture, in the presence of the IX T4 DNA 
ligase buffer (New England Biolabs) and of 400 units of T4 DNA ligase (New England Biolabs) 
in the "GeneAmp PCR System 9700" thermocycler, as described above. Escherichia coli DH5a 
bacteria, which had been made competent beforehand, were transformed with all of the ligation 
1 0 reaction mixture. The plasmid DNA of the clones obtained, which were selected on LB medium 
supplemented with ampicillin (50 mg/1), was analysed by PCR with the aid of 10 pmol of each of 

S the 2 oligodeoxynucleotides 5 ? ATCggAATTCgCCgATTACgTggCTTTAgC 3' and 

|0 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3' in the "GeneAmp PCR System 9700" 

O thermocycler, as described above. 

ljj The plasmid obtained was called pMRT1217, and the MPrl217 promoter sequence (SEQ 

L ID NO. 22) represented diagrammatically in Fig. 1, which was verified by sequencing, has a C 
fS deleted at position -317 [lacuna], 4 bp upstream of a * 4 G"-like box. 

a . ; 

•S Example 3. 

H Construction of plasmids containing chimeric promoter sequences. 

2 0 3.1. Construction of the MPrll30 promoter (SEQ ID NO.5). 

The MPrl 130 promoter (SEQ ID NO. 5) results from inserting, at position -65 bp of 
PrHMWG-Dx5 (SEQ ID NO. 1), a 55-bp sequence corresponding to a duplication of the as-2 
motif (Lam and Chua, 1989, Plant Cell h 1147-1 156) and to the as-1 motif (Lam et al., 1989, 
Proc. Natl. Acad. Sci. USA 86: 7890-7894) of CaMV 35S. It was constructed by splicing by 
2 5 overlap extension the "MPrl 130 (SEQ ID NO. 5) 5' fragment" and the "MPrl 130 (SEQ ID NO. 
5) 3' fragment", which had been synthesized by PCR. 

The "MPrl 130 (SEQ ID NO. 5) 5' fragment" was amplified by PCR from 5 ng of 
pUC19-HMWG matrix DNA (described in section 2.1 of Example 2) with the aid of 20 pmol of 
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each of the 2 oligodeoxynucleotides 5' TACgAATTCCCAgCTTTgAgTggCCgTAg 3', 
containing the EcoRI restriction site, and 5' TgCgTCATCCCTTACgTCA- 
gTggAgATATCACATCAATCTTgATATCACATCAATCACggTgAggTTTgTTTAgCCTAAg 

3', possessing the 55-bp sequence corresponding to a duplication of the as-2 motif (Lam and 
Chua, 1989, supra) and to the as-1 motif (Lam et al., 1989, supra) of CaMV 35S, in the presence 
of 10 nmol of each of the dNTPs, of Vent DNA polymerase buffer (IX) and of 2 U of Vent DNA 
polymerase (New England Biolabs), in a 50 ul reaction volume. The PCR amplification reaction 
was carried out in the "GeneAmp PCR System 9700" thermocycler. After a denaturation at 94°C 
for 5 min., the DNA was subjected to 15 cycles each consisting of the steps of denaturation at 
94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation at 72°C for 1 min. 30 sec. 
During the final cycle, the elongation was continued at 72°C for 5 min. Forty ul of the PCR 
reaction medium were then subjected to the action of 12.5 U of the Klenow fragment (New 
England Biolabs) in the presence of 20 nmol of each of the dNTPs for 10 min. at 37°C. The 
PCR product thus treated was then isolated on a 1.5% agarose gel with the aid of the "QIAquick 
Gel Extraction" kit. 

The "MPrll30 (SEQ ID NO. 5) 3' fragment" was synthesized and treated in the same 
way as the "MPrl 130 (SEQ ID NO. 5) 5' fragment", except that the 2 oligodeoxynucleotides 
used are 5' ATTgATgTgATATCAAg- 

ATTgATgTgATATCTCCACTgACgTAAgggATgACgCACACgCAgCCATggTCCTgAACCTT 
C 3', possessing the 55-bp sequence corresponding to a duplication of the as-2 motif (Lam and 
Chua, 1989, supra) and to the as-1 motif (Lam et al., 1989, supra) of CaMV 35S, and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', containing the BamHI restriction site. 

The "MPrl 130 (SEQ ID NO. 5) 5' fragment" and the "MPrl 130 (SEQ ID NO. 5) 3' 
fragment" were then assembled by overlap extension so as to generate the "MPrl 130 fragment 
(SEQ ID NO. 5)". In order to do this, a PCR amplification was carried out using 7.5 ul of each 
of the two PCR products thus treated, with the aid of 20 pmol of each of the 
oligodeoxynucleotides 5' TACgAATTCCCAgCTTTgAgTggCCgTAg 3', containing the EcoRI 
restriction site, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the 
BamHI restriction site, in the presence of 10 nmol of each of the dNTPs, of Vent DNA 
polymerase buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs), in a 50 ul 
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reaction volume. The PCR amplification reaction was carried out in the "GeneAmp PCR System 
9700" thermocycler. After a denaturation at 94°C for 5 min., the DNA was subjected to 15 
cycles each consisting of the steps of denaturation at 94°C for 1 min., of hybridization at 55°C 
for 1 min. and of elongation at 72°C for 1 min. 30 sec. During the final cycle, the elongation 
was continued at 72°C for 5 min. The "MPrll30 fragment (SEQ ID NO. 5)" thus synthesized 
was isolated on a 1.5% agarose gel with the aid of the "QIAquick Gel Extraction" kit. This 
fragment was then hydrolysed with EcoRI for 1 h at 37°C, and subjected to the action of 20 U of 
the Klenow fragment (New England Biolabs) for 30 min at 37°C in the presence of 60 nmol of 
each of the dNTPs, of 12 nl of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 of pi of 
1 M DTT. Finally, the MPrl 130 fragment (SEQ ID NO. 5) was digested with BamHI for 1 h at 
37°C. 

The ligation was carried out with 100 ng of the "MPrl 130 fragment (SEQ ID NO.5)" 
thus treated and 50 ng of plasmid pGem3Z-l (described in section 2.1 of Example 2) overnight 
at 16°C in a 10 \il reaction mixture, in the presence of 1 \i\ of the T4 DNA ligase buffer (IX) and 
of 400 units of T4 DNA ligase (New England Biolabs). Escherichia coli DH5a bacteria, which 
had been made competent beforehand, were transformed with all of the ligation reaction mixture. 
The plasmid DNA of the clones obtained, which were selected on LB medium supplemented 
with ampicillin (50 mg/1), was analysed by PCR with the aid of 25 pmol of each of the 2 
oligodeoxynucleotides 5' TACgAATTCCCAgCTTTgAgTggCCgTAg 3' and 
y TACggATCCCCggggATCTCTAgTTTgTggTgC 3' in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRT1130, and the MPrl 130 promoter sequence (SEQ 
ID NO. 5) represented diagrammatically in Fig. 3 was verified by sequencing. 

3.2. Construction of the MPrl 131 promoter (SEQ ID NO. 6). 

The MPrl 131 promoter (SEQ ID NO. 6) results from inserting, at position -65 bp of 
PrHMWG-Dx5 (SEQ ID NO. 1) (described in section 2.1 of Example 2), a 38-bp sequence 
corresponding to the as-2 motif (Lam and Chua, 1989, supra) and to the as-1 motif (Lam et al., 
1989, supra) of CaMV 35S. It was constructed by splicing by overlap extension the "MPrl 131 
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(SEQ ID NO. 6) 5' fragment" and the "MPrll31 (SEQ ID NO. 6) 3' fragment", which had been 
synthesized by PCR. 

The "MPrl 131 (SEQ ID NO. 6) 5' fragment" was synthesized and treated in the same 
way as the "MPrll30 (SEQ ID NO. 5) 5' fragment" (described in section 3.1 of Example 3), 
except that the 2 oligodeoxynucleotides used are 

5' TACgAATTCCCAgCTTTgAgTggCCgTAg 3% containing the EcoRI restriction site, and 
5' TgCgTCATCCCTTACgTCAgTggAgATATCACATCAATCACggTgAggTTTgTTTAgCCT 
AAg 3', possessing the 38-bp sequence corresponding to the as-2 motif (Lam and Chua, 1989, 
supra) and to the as-1 motif (Lam et al., 1989, supra) of CaMV 35S. 

The "MPrll31 (SEQ ID NO. 6) 3' fragment" was synthesized and treated in the same 
way as the "MPrll30 (SEQ ID NO. 5) 5' fragment" (described in section 3.1 of Example 3), 
except that the 2 oligodeoxynucleotides used are 
5' ATTgATgTgATATCTCCACTgACgTAAgggATgAC- 

gCACACgCAgCCATggTCCTgAACCTTC 3' possessing the 38-bp sequence corresponding to 
the as-2 motif (Lam and Chua, 1989, supra) and to the as-1 motif (Lam et al., 1989, supra) of 
CaMV 35S, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3' containing the BamHI 
restriction site. 

The "MPrll31 (SEQ ID NO. 6) 5' fragment" and the "MPrll31 (SEQ ID NO. 6) 3' 
fragment" were then assembled by overlap extension so as to generate the "MPrll31 fragment 
(SEQ ID NO. 6)". In order to do this, a PCR amplification was carried out using 7.5 |il of each 
of the two PCR products thus treated, with the aid of 20 pmol of each of the 
oligodeoxynucleotides 5' TACgAATTCCCAgCTTTgAgTggCCgTAg 3', containing the EcoRI 
restriction site, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the 
BamHI restriction site, in the presence of 10 nmol of each of the dNTPs, of Vent DNA 
polymerase buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs), in a 50 \i\ 
reaction volume. The PCR amplification reaction was carried out in the "GeneAmp PCR System 
9700" thermocycler. After a denaturation at 94°C for 5 min., the DNA was subjected to 15 
cycles each consisting of the steps of denaturation at 94°C for 1 min., of hybridization at 55°C 
for 1 min. and of elongation at 72°C for 1 min. 30 sec. During the final cycle, the elongation 
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was continued at 72°C for 5 min. The "MPrl 131 fragment (SEQ ID NO. 6)" thus synthesized 
was isolated on a 1.5% agarose gel with the aid of the "QIAquick Gel Extraction" kit. This 
fragment was then hydrolysed with EcoRI for 1 h at 37°C, and subjected to the action of 20 U of 
the Klenow fragment (New England Biolabs) for 30 min at 37°C in the presence of 60 nmol of 
each of the dNTPs, of 12 ul of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 of ul of 
1 M DTT. Finally, the MPrl 131 fragment (SEQ ID NO. 6) was digested with BamHI for 1 h at 
37°C. 

The ligation was carried out with 100 ng of the "MPrl 130 fragment (SEQ ID NO. 5)" 
thus treated and 50 ng of plasmid pGem3Z-l (described in section 2.1 of Example 2) overnight 
at 16°C in a 10 ul reaction mixture, in the presence of 1 ul of the T4 DNA ligase buffer (IX) and 
of 400 units of T4 DNA ligase (New England Biolabs). Escherichia coli DH5a bacteria, which 
had been made competent beforehand, were transformed with all of the ligation reaction mixture. 
The plasmid DNA of the clones obtained, which were selected on LB medium supplemented 
with ampicillin (50 mg/1), was analysed by PCR with the aid of 25 pmol of each of the 2 
oligodeoxynucleotides 5' TACgAATTCCCAgCTTTgAgTggCCgTAg 3' and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3' in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRTl 13 1 , and the MPrl 131 promoter sequence (SEQ 
ID NO. 6) represented diagrammatically in Fig. II was verified by sequencing. 

3.3. Construction of the MPrl 135 promoter (SEQ ID NO. 9). 

The MPrl 135 promoter (SEQ ID NO. 9) is derived from the MPrl 130 promoter (SEQ ID 
NO. 5) (described in section 3.1 of Example 3) by deleting the sequence located upstream of 
nucleotide -293, this sequence comprising the two prolamine-"like boxes and the two GATA 
boxes. 

The promoter fragment was amplified by PCR from 5 ng of pMRTl 130 matrix DNA 
with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 5' ATCGGAATTCCAG- 
AACTAGGATTACGCCG 3', containing the EcoRI restriction site, and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the BamHI restriction site, in 
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the presence of 50 nmol of each of the dNTPs, of the Vent DNA polymerase buffer (IX) and of 2 
U of Vent DNA polymerase (New England Biolabs). The PCR amplification reaction was 
carried out in the "GeneAmp PCR System 9700" thermocycler. After a denaturation at 94°C for 
5 min., the DNA was subjected to 25 cycles each consisting of the steps of denaturation at 94°C 
for 1 min., of hybridization at 55°C for 1 min. and elongation at 72°C for 1 min. 30 sec. During 
the final cycle, the elongation was continued at 72°C for 1 min. 

The DNA fragment derived from the amplification was isolated on a 2% agarose gel with 
the aid of the "QIAquick Gel Extraction" kit, hydrolysed with EcoRI for 1 h at 37°C and then 
subjected to the action of 20 U of the Klenow fragment (New England Biolabs) for 30 min at 
37°C in the presence of 60 nmol of each of the dNTPs, of 12 jil of 500 mM Tris-HCL, 
pH 7.5/500 mM MgC12 buffer and 6 jul of 1 M DTT. The DNA fragment thus treated was then 
digested with BamHI for 1 h at 37°C. 

The ligation was carried out with 100 ng of the MPR1135 promoter fragment (SEQ ID 
NO. 9) thus treated and 50 ng of plasmid pGEM3Z-l (described in section 2.1 of Example 2) 
overnight at 16°C in a 10 \il reaction mixture, in the presence of the T4 DNA ligase buffer (IX) 
and of 400 units of T4 DNA ligase (New England Biolabs). Escherichia coli DH5a bacteria, 
which had been made competent beforehand, were transformed with all of the ligation reaction 
mixture. The plasmid DNA of the clones obtained, which were selected on LB medium 
supplemented with ampicillin (50 mg/1), was analysed by PCR with the aid of 25 pmol of each of 
the 2 oligodeoxynucleotides 5' ATCGGAATTCGTGTTGGCAAACTGC 3' and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRTl 135, and the MPrl 135 promoter sequence SEQ 
ID NO. 9) represented diagrammatically in Fig. 3 was verified by sequencing. 

3.4. Construction of the MPrl 138 promoter (SEQ ID NO. 12). 

The MPrl 138 promoter (SEQ ID NO. 12) is derived from the MPrl 131 promoter (SEQ 
ID NO. 6) (described in section 3.2 of Example 3) by deleting the sequence located upstream of 
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nucleotide -276, this sequence comprising the two prolamine-"like" boxes and the two GATA 
boxes. 

The promoter fragment was amplified by PCR from 5 ng of pMRTl 131 matrix DNA, 
treated and obtained in the same way as the MPrl 135 promoter (SEQ ED NO. 9) (described in 
section 3.3 of Example 3). 

The plasmid obtained was called pMRT1138 ? and the MPrl 138 promoter sequence (SEQ 
ID NO. 12) represented diagrammatically in Fig. 2 was verified by sequencing. 

3.5. Construction of the MPrll37 promoter (SEQ ID NO. 11). 

The MPrl 137 promoter (SEQ ID NO. 1 1) is derived from the MPrl 131 promoter (SEQ 
ID NO. 6) (described in section 3.2 of Example 3) by deleting the sequence located upstream of 
nucleotide -243, this sequence comprising the two prolamine-'like" boxes, the two GATA boxes 
and the "G"-like box. 

The promoter fragment was amplified by PCR from 5 ng of pMRT1131 matrix DNA 
with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 5' ATCGGGAATTC- 
GCAGACTGTCCAAAAATC 3', containing the EcoRI restriction site, and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the BamHI restriction site, 
treated and obtained in the same way as the MPrl 135 promoter (SEQ ID NO. 9) (described in 
section 3.3 of Example 3). 

The plasmid obtained was called pMRTl 137, and the MPrl 137 promoter sequence (SEQ 
ID NO. 11) represented diagrammatically in Fig. 2 was verified by sequencing. 

3.6. Construction of the MPrll34 promoter (SEQ ID NO. 8). 

The MPrl 134 promoter (SEQ ID NO. 8) is derived from the MPrl 130 promoter (SEQ ID 
NO. 5) (described in section 3.1 of Example 3) by deleting the sequence located upstream of 
nucleotide -260, this sequence comprising the two prolamine-"like" boxes, the two GATA boxes 
and the "G"-like box. 
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The promoter fragment was amplified by PCR from 5 ng of pMRTl 130 matrix DNA 
with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 5' ATCGGGAATTCGC- 
AGACTGTCCAAAAATC 3\ containing the EcoRI restriction site, and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3% possessing the BamHI restriction site, 
5 treated and obtained in the same way as the MPrl 135 promoter (SEQ ID NO. 9) (described in 
section 3.3 of Example 3). 

The plasmid obtained was called pMRT1134, and the MPrl 134 promoter sequence (SEQ 
ID NO. 8) represented diagrammatically in Fig. 3 was verified by sequencing. 

3.7, Construction of the MPrll36 promoter (SEQ ID NO. 10). 

1 0 The MPrl 136 promoter (SEQ ID NO. 10) is derived from the MPrl 131 promoter (SEQ 

ID NO. 6) (described in section 3.2 of Example 3) by deleting the sequence located upstream of 
nucleotide -180, this sequence comprising the two prolamine-"like" boxes, the two GATA 
O boxes, the "G"-like box and the activating element. 

§ n The promoter fragment was amplified by PCR from 5 ng of pMRTl 131 matrix DNA 

IS with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 5' ATCGGAATTC- 
y I GTGTTGGC AAACTGC 3 ' , containing the EcoRI restriction site, and 
% 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the BamHI restriction site, 
1 3 treated and obtained in the same way as the MPrl 135 promoter (SEQ ID NO. 9) (described in 
section 3.3 of Example 3). 

2 0 The plasmid obtained was called pMRTl 136, and the MPrl 136 promoter sequence (SEQ 

ID NO. 10) represented diagrammatically in Fig. 2 was verified by sequencing. 

3.8, Construction of the MPrl 133 promoter (SEQ ID NO. 7). 

The MPrl 133 promoter (SEQ ID NO. 7) is derived from the MPrl 130 promoter (SEQ ID 
NO. 5) (described in section 3.2 of Example 3) by deleting the sequence located upstream of 
2 5 nucleotide -197, this sequence comprising the two prolamine-"like" boxes, the two GATA 
boxes, the "G"-like box and the activating element. 
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The promoter fragment was amplified by PCR from 5 ng of pMRTl 130 matrix DNA 
with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 5' ATCGGAATTCGT- 
GTTGGC A A ACTGC 3', containing the EcoRI restriction site, and 

5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing the BamHI restriction site, 
5 treated and obtained in the same way as the MPrl 135 promoter (SEQ ID NO. 9) (described in 
section 3.3 of Example 3). 

The plasmid obtained was called pMRTl 133, and the MPrl 133 promoter sequence (SEQ 
ID NO. 7) represented diagrammatically in Fig. 3 was verified by sequencing. 

3.9. Construction of the MPrll39 promoter (SEQ ID NO. 13). 

1(1 The MPrl 139 promoter (SEQ ID NO. 13) results from inserting, at position -405 bp of 

=0 MPrl 131 (SEQ ID NO. 6) (described in section 3.2 of Example 3), a 61-bp sequence which 

!:[ includes the duplication of the "cereal" box of the promoter of the high molecular weight 

!=? glutenin gene encoding the Bx7 subunit (PrHMWG-Bx7) of the hexaploid wheat Triticum 

HI aestivum L. cv Cheyenne (Anderson et al, 1998, Theor. Appl. Genet. 96: 568-576.). 

1^ The MPrl 139 promoter (SEQ ID NO. 13) was amplified by PCR from 5 ng of 

??1 pMRTl 131 matrix DNA with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 
| 5' TACgAATTCCTCgACATggTTAgAAgTTTTgAgTgCCgCCACTACTCgACAT- 
! 3 ggTTAg AAgTTTTgAgTggCCgT AgATTTgC 3 ' , containing the EcoRI restriction site and the 

two "cereal" boxes described above, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3' , 
2 0 possessing the BamHI restriction site, in the presence of 50 nmol of each of the dNTPs, of the 
Vent DNA polymerase buffer (IX) and of 2 U of Vent DNA polymerase (New England 
Biolabs). The PCR amplification reaction was carried out in the "GeneAmp PCR System 9700" 
thermocycler. After a denaturation at 94°C for 5 min., the DNA was subjected to 25 cycles each 
consisting of the steps of denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and 
25 of elongation at 72°C for 1 min. 30 sec. During the final cycle, the elongation was continued at 
72°C for 1 min. 

The DNA fragment derived from the amplification was isolated on a 2% agarose gel with 
the aid of the "QIAquick Gel Extraction" kit and hydrolysed with EcoRI for 1 h at 37°C. The 
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DNA fragment was then subjected to the action of 20 U of the Klenow fragment (New England 
Biolabs) for 30 mm at 37°C in the presence of 60 nmol of each of the dNTPs, of 12 jil of 500 
mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 pi of 1 M DTT, and digested with BamHI 
for 1 h at 37°C. 

The ligation was carried out with 100 ng of the MPrl 139 promoter fragment (SEQ ID 
NO. 13) thus treated and 50 ng of plasmid pGem3Z-l (described in section 2.1 of Example 2) 
overnight at 16°C, in a 10 pi reaction mixture, in the presence of the T4 DNA ligase buffer (IX) 
and of 400 units of T4 DNA ligase (New England Biolabs). Escherichia coli DH5a bacteria, 
which had been made competent beforehand, were transformed with all of the ligation reaction 
mixture. The plasmid DNA of the clones obtained, which were selected on LB medium 
supplemented with ampicillin (50 mg/1), was analysed by PCR with the aid of 25 pmol of each of 
the 2 oligodeoxynucleotides 5' ATCGGAATTCCAGAACTAGGATTACGCCG 3' and 
5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRTl 139, and the MPrl 139 promoter sequence (SEQ 
ID NO. 13) represented diagrammatically in Fig. IV was verified by sequencing. 

3.10. Construction of the MPrl200 promoter (SEQ ID NO. 19). 

The MPrl 200 promoter (SEQ ED NO. 19) results from inserting, at position -263 bp of 
MPrl 138 (SEQ ID NO. 12) (described in section 3.4 of Example 3), a 79-bp sequence which 
includes the duplication of the "cereal" box of the promoter of the high molecular weight 
glutenin gene encoding the Bx7 subunit (PrHMWG-Bx7) of the hexaploid wheat Triticum 
aestivum L. cv Cheyenne (Anderson et aL, 1998, supra). 

The MPrl200 promoter (SEQ ID NO. 19) was constructed by cloning into the vector 
pGEM3Z-l (described in section 2.1 of Example 2) the following two promoter fragments: 

- The "MPrl200 (SEQ ID NO. 19) 5 ? fragment", synthesized by PCR, was amplified 
from 5 ng of pMRTl 139 matrix DNA (described in section 3.9 of Example 3) with the aid of 
100 pmol of each of the 2 oligodeoxynucleotides 5' TACgAATTCCTCgACATgg 3', containing 
the EcoRI restriction site, and 5' gCTCTAgAgCAAATCTACggCCACTC 3\ possessing the 
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Xbal restriction site, in the presence of 50 nmol of each of the dNTPs, of Vent DNA polymerase 
buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs). The PCR 
amplification reaction was carried out in the "GeneAmp PCR System 9700" thermocycler. After 
a denaturation at 94°C for 10 min., the DNA was subjected to 25 cycles each consisting of the 
steps of denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation at 
72°C for 1 min. 30 sec. During the final cycle, the elongation was continued at 72°C for 5 min. 
The DNA fragment derived from the PCR amplification was isolated on a 1.5% agarose gel with 
the aid of the "Concert Rapid Gel Extraction System" kit, and hydrolysed with EcoRI for 1 h at 
37°C. The DNA fragment was then subjected to the action of 20 U of the Klenow fragment 
(New England Biolabs) for 30 min at 37 °C in the presence of 60 nmol of each of the dNTPs, of 
12 ul of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 ul of 1 M DTT, and then 
digested with Xbal for 1 h at 37°C. 

- The "MPrl200 (SEQ ID NO. 19) 3' fragment", synthesized by PCR, as amplified from 
5 ng of pMRTl 138 matrix DNA with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 
5' ATCggAATTCTAgACgCCgATTACgTggCTTTAgC 3', containing the EcoRI restriction site 
and Xbal restriction site, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', possessing 
the BamHI restriction site, in the presence of 50 nmol of each of the dNTPs, of Vent DNA 
polymerase buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs) in the 
"GeneAmp PCR System 9700" thermocycler, under the same conditions as the "MPrl200 (SEQ 
ID NO. 19) 5' fragment". The DNA fragment derived from the PCR amplification was isolated 
on a 1.5% agarose gel with the aid of the "Concert Rapid Gel Extraction System" kit and 
hydrolysed successively with Xbal and BamHI for 1 h at 37°C. 

The ligation reaction was carried out with 50 ng of the "MPrl200 (SEQ ID NO. 19) 
5' fragment", 50 ng of the "MPrl200 (SEQ ID NO. 19) 3' fragment" thus treated, and 50 ng of 
plasmid pGem3Z-l, in a 10 ul reaction mixture, in the presence of the T4 DNA ligase buffer 
(IX) and of 400 units of T4 DNA ligase (New England Biolabs) in the "GeneAmp PCR System 
9700" thermocycler, as described above. Escherichia coli DH5a bacteria, which had been made 
competent beforehand, were transformed with all of the ligation reaction mixture. The plasmid 
DNA of the clones obtained, which were selected on LB medium supplemented with ampicillin 
(50 mg/1), was analysed by PCR with the aid of 10 pmol of each of the 2 oligodeoxynucleotides 
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5' ATCgg A ATTC gC AgCC ATggTCCTg A ACC 3' and 

5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3', in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRT1200, and the MPrl200 promoter sequence (SEQ 
5 ID NO. 19) represented diagrammatically in Fig. IV was verified by sequencing. 

3.11. Construction of the MPrl213 promoter (SEQ ID NO. 20). 

The MPrl213 promoter (SEQ ED NO. 20) results from inserting, upstream of position - 
225 bp of MPR1 128 (SEQ ID NO. 4) (described in section 2.2 of Example 2), a 79-bp sequence 
which includes the duplication of the "cereal" box of the promoter of the high molecular weight 
ljQ, glutenin gene encoding the Bx7 subunit (PrHMWG-Bx7) of the hexaploid wheat Triticum 

u3 aestivum L. cv Cheyenne (Anderson et al, 1998, supra). 

IS 

n The MPrl213 promoter (SEQ ID NO. 20) was constructed by cloning into the vector 

H pGEM3Z-l (described in section 2.1 of Example 2), the following two promoter fragments: 

T = - The "MPrl213 (SEQ ED NO. 20) 5' fragment", synthesized by PCR, was amplified 

M from 5 ng of pMRTl 139 matrix DNA (described in section 3.9 of Example 3) with the aid of 
y 100 pmol of each of the 2 oligodeoxynucteotides 5' TACgAATTCCTCgACATgg 3', containing 
□ the EcoRI restriction site, and 5' gCTCTAgAgCAAATCTACggCCACTC 3' , possessing the 
1=i Xbal restriction site, in the presence of 50 nmol of each of the dNTPs, of Vent DNA polymerase 
buffer (IX) and of 2 U Vent DNA polymerase (New England Biolabs). The PCR amplification 
2 0 reaction was carried out in the "GeneAmp PCR System 9700" thermocycler. After a denaturation 
at 94°C for 10 min., the DNA was subjected to 25 cycles each consisting of the steps of 
denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation at 72°C for 
1 min. 30 sec. During the final cycle, the elongation was continued at 72°C for 5 min. The 
DNA fragment derived from the PCR amplification was isolated on a 1.5% agarose gel with the 
25 aid of the "Concert Rapid Gel Extraction System" kit, and hydrolysed with EcoRI for 1 h at 
37°C. The DNA fragment was then subjected to the action of 20 U of the Klenow fragment 
(New England Biolabs) for 30 min at 37°C in the presence of 60 nmol of each of the dNTPs, of 
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12 \il of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 jil of 1 M DTT, and digested 
with Xbalfor 1 hat 37°C. 



The "MPrl213 (SEQ ID NO. 20) 3' fragment", obtained by the hydrolysis of 5 \xg of the 
plasmid pMRTl 183 (described in section 2.5 of Example 2) with the Xbal and BamHI 
5 restriction enzymes, was isolated on a 1.5% agarose gel with the aid of the "Concert Rapid Gel 
Extraction System" kit. 

The ligation reaction was carried out with 50 ng of the "MPrl213 (SEQ ID NO. 20) 
5' fragment" and 50 ng of the "MPrl213 (SEQ ID NO. 20) 3' fragment" thus treated, and 50 ng 
of plasmid pGem3Z-l ? in a 10 (il reaction mixture, in the presence of the T4 DNA ligase buffer 

10 (IX) and of 400 units of T4 DNA ligase (New England Biolabs) in the "GeneAmp PCR System 
O 9700" thermocycler, as described above. Escherichia coli DH5a bacteria, which had been made 

competent beforehand, were transformed with all of the ligation reaction mixture. The plasmid 
-I DNA of the clones obtained, which were selected on LB medium supplemented with ampicillin 
Q (50 mg/1), was analysed by PCR with the aid of 10 pmol of each of the 2 oligodeoxynucleotides 

11 5' TACgAATTCCTCgACATgg 3' and 5' gCTCTAgAgCAAATCTACggCCACTC 3', in the 

s "GeneAmp PCR System 9700" thermocycler, as described above. 

M 

\]\ The plasmid obtained was called pMRT1213, and the MPrl213 promoter sequence (SEQ 

y u) NO. 20) represented diagrammatically in Fig. IV was verified by sequencing. 

3.12. Construction of the MPrll99 promoter (SEQ ID NO. 18). 

2 0 The MPrl 199 promoter (SEQ ID NO. 18) results from inserting, at position -224 bp of 

MPR1128 (SEQ ID NO. 4) (described in section 22 of Example 2), a 27-bp sequence which 
includes the "GC-rich" element of the intergenic region of the maize streak virus (MSV) (Fenoll 
et aL, 1990, supra). 

The MPrl 199 promoter (SEQ ID NO. 18) was amplified by PCR from 5 ng of 
2 5 pMRTl 128 matrix DNA with the aid of 100 pmol of each of the 2 oligodeoxynucleotides 

y ATCGGAATTCAAATGGGCCGGACCGGGCCGGCCCAGCGCCGATTACGTGGCT- 
TTAGC 3\ containing the "GC-rich" element described above and the EcoRI and Xbal 
restriction sites, and 5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3\ possessing the 
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BamHI restriction site, in the presence of 50 nmol of each of the dNTPs, of the Vent DNA 
polymerase buffer (IX) and of 2 U of Vent DNA polymerase (New England Biolabs). The PCR 
amplification reaction was carried out in the "GeneAmp PCR System 9700" thermocycler. After 
a denaturation at 94°C for 5 min., the DNA was subjected to 25 cycles each consisting of the 
5 steps of denaturation at 94°C for 1 min., of hybridization at 55°C for 1 min. and of elongation at 
72°C for 1 min. 30 sec. During the final cycle, the elongation was continued at 72°C for 1 min. 

The DNA fragment derived from the amplification was isolated on a 1.5% agarose gel 
with the aid of the "Conceit Rapid Gel Extraction System" kit and hydrolysed with EcoRI for 1 h 
at 37°C. The fragment was then subjected to the action of 20 U of the Klenow fragment (New 

10 England Biolabs) for 30 min at 37°C in the presence of 60 nmol of each of the dNTPs, of 12 [il 
of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 \il of 1 M DTT, and digested with 

% BamHI for 1 h at 37°C. 

^ The ligation was carried out with 100 ng of the MPrl 199 promoter fragment (SEQ ID 

o 

y NO. 18) thus treated and 50 ng of plasmid pGem3Z-l (described in section 2.1 of Example 2), 
iM with PCR cycles in the "GeneAmp PCR System 9700" thermocycler under the conditions 
^ described above. Escherichia coli DH5a bacteria, which had been made competent beforehand, 
\f\ were transformed with all of the ligation reaction mixture. The plasmid DNA of the clones 
]% obtained, which were selected on LB medium supplemented with ampicillin (50 mg/1), was 
?3 analysed by PCR with the aid of 25 pmol of each of the 2 oligodeoxynucleotides 
io 5' ATCGGAATTCCAGAACTAGGATTACGCCG 3' and 

5' TACggATCCCCggggATCTCTAgTTTgTggTgC 3' in the "GeneAmp PCR System 9700" 
thermocycler, as described above. 

The plasmid obtained was called pMRT1199mut, and the corresponding MPrl 199 (SEQ 
ID NO. 18) mut promoter sequence, which was verified by sequencing, has a mutation in the 
2 5 untranslated leader sequence at position +27 [lacuna]. To reestablish the unmutated MPrl 199 
sequence (SEQ ID NO. 18), the "MPrl 199 (SEQ ID NO. 18) 5' fragment" stretching from 
position -251 to -58 bp was cloned in the place of the "MPrl 183 5' fragment" stretching from 
position -225 to -58 bp. 
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In order to do this, 10 u.g of plasmid pMRTl 199mut were digested with EcoRI for 1 h at 
37°C, and subjected to the action of 20 U of the Klenow fragment (New England Biolabs) for 30 
min at 37°C in the presence of 60 nmol of each of the dNTPs, of 12 pi of 500 mM Tris-HCL, pH 
7.5/500 mM MgC12 buffer and 6 ul of 1 M DTT. After a digestion with Ncol for 1 h at 37°C, 
the "MPrll99 (SEQ ID NO. 18) 5' fragment" was isolated on a 1.5% agarose gel with the aid of 
the "Concert Rapid Gel Extraction System" kit. 

In parallel, 5 ug of plasmid pMRTl 183 (described in section 2.5 of Example 2) were 
digested for 1 h at 37°C with Xbal, and subjected to the action of 20 U of the Klenow fragment 
(New England Biolabs) for 30 min at 37°C in the presence of 60 nmol of each of the dNTPs, of 
12 ul of 500 mM Tris-HCL, pH 7.5/500 mM MgC12 buffer and 6 ul of 1 M DTT. After a 
digestion with Ncol, the vector pMRT1183 thus deleted of the "MPR1183 5' fragment" was 
isolated on a 0.8% agarose gel with the aid of the "Concert Rapid Gel Extraction System" kit, 
and dephosphorylated with 40 U of calf intestine alkaline phosphatase (New England Biolabs) in 
the presence of buffer 3 (IX) at 37°C for 1 h. 

The ligation reaction was carried out with 100 ng of the "MPrl 199 (SEQ ID NO. 18) mut 
5' fragment" and 50 ng of the plasmid pMRTl 183 thus treated, in a 10 ul reaction mixture, in the 
presence of the T4 DNA ligase buffer (IX) and of 400 units of T4 DNA ligase (New England 
Biolabs), in the "GeneAmp PCR System 9700" thermocycler, as described above. Escherichia 
coli DH5a bacteria, which had been made competent beforehand, were transformed with all of 
the ligation reaction mixture. The plasmid DNA of the clones obtained, which were selected on 
LB medium supplemented with ampicillin (50 mg/1), was extracted according to the alkaline 
lysis method and analysed by enzymatic digestion. 

The plasmid obtained was called pMRTl 199, and the MPrl 199 promoter sequence (SEQ 
ID NO. 18) is represented diagrammatically in Fig. 4. 
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Example 4. 

Construction of the binary plasmids containing the MPrll30 (SEQ ID NO. 5), MPrll31 
(SEQ ID NO. 6), MPrll35 (SEQ ID NO. 9), MPrll38 (SEQ ID NO. 12), MPrll39 (SEQ ID 
5 NO. 13) and MPrl092 promoters used in the stable transformation of tobacco. 

4.1. Construction of the binary plasmid pMRT1177. 

The binary plasmid pMRTl 177 was obtained by inserting the expression cassette 
"MPrll30 (SEQ ID NO. 5)/uidA-lV2/tevm-nos" of pMRT 1130 (described in section 3.1 of 
Example 3) into the EcoRI site of the binary plasmid pMRTl 118 (unpublished patent application 
10 FR 991 11 12). 

iS In order to do this, 10 jig of plasmid pMRTl 130 were digested successively with EcoRI 

/!! and XmnI for 1 h at 37°C. The expression cassette was then isolated on a 0.8% agarose gel with 
Ll the aid of the "Concert Rapid Gel Extraction System" kit. 

In parallel, 10 jag of binary plasmid pMRTl 118 were digested with EcoRI for 1 h at 
37°C. The linearized vector fragment was then dephosphorylated with 40 U of calf intestine 
bj alkaline phosphatase (New England Biolabs) in the presence of buffer 3 (IX) at 37°C for 1 h. 

The ligation was carried out with 50 ng of the expression cassette and 100 ng of plasmid 
pMRTl 118 thus treated, overnight at 16°C in a 10 |il reaction mixture, in the presence of the T4 
DNA ligase buffer (IX) and of 400 units of T4 DNA ligase (New England Biolabs). Escherichia 
2 0 coli DH5a bacteria, which had been made competent beforehand, were transformed with all of 
the ligation reaction mixture. The plasmid DNA of the clones obtained, which were selected on 
LB medium supplemented with kanamycin (50 mg/1), was extracted according to the alkaline 
lysis method and analysed with enzymatic digestions. 

The plasmid obtained, called pMRT1177, was transferred into the LBA4404 
2 5 Agrobacterium tumefaciens strain according to the technique described by Holsters et al. (1978, 
MoL Gen. Genet. 136 : 181-187). The plasmid DNA of the clones obtained, which were selected 
on 2YT medium (10 g/1 bactotryptone, 10 g/1 yeast extract, 5 g/1 NaCl, pH 7.2 and 15 g/1 Agar- 



45 



Agar) supplemented with rifampicin (50 mg/1) and with kanamycin (50 mg/1), was extracted 
according to the alkaline lysis method, which was modified by adding lysozyme (25 mg/ml) to 
the cell resuspension buffer. The plasmid DNA was analysed with enzymatic digestions and the 
agrobacterium clone obtained was called A1177. 

4.2. Construction of the binary plasmid pMRT1178. 

The binary plasmid pMRTl 178 was obtained by inserting the expression cassette 
"MPrl 131 (SEQ ID NO. 6)luidA-\V2Iterm-nos" into the EcoRI site of the binary plasmid 
pMRTl 118, which was described in section 4.1 of Example 4, except that the expression cassette 
was isolated from the plasmid pMRT1131 (described in section 3.2 of Example 3). 

The resulting plasmid was called pMRT1178, and was transferred into the LBA4404 
Agrobacterium tumefaciens strain according to the protocol described above in section 4.1 of 
Example 4. The agrobacterium clone obtained was called Al 178. 

4.3. Construction of the binary plasmid pMRT1179. 

The binary plasmid pMRT1179 was obtained by inserting the expression cassette 
"MPrl 135 (SEQ ID NO. 9)luidAAV2IteTm-nos n into the EcoRI site of the binary plasmid 
pMRTl 118, which was described in section 4.1 of Example 4, except that the expression cassette 
was isolated from the plasmid pMRTl 135 (described in section 3.3 of Example 3). 

The resulting plasmid was called pMRTl 179, and was transferred into the LB A4404 
Agrobacterium tumefaciens strain according to the protocol described above in section 4.1 of 
Example 4. The agrobacterium clone obtained was called A1179. 

4.4. Construction of the binary plasmid pMRT1180. 

The binary plasmid pMRTl 180 was obtained by inserting the expression cassette 
"MPrl 138 (SEQ ID NO. l2)/uidA-lV2/Xemi-nos" into the EcoRI site of the binary plasmid 
pMRT1138, which was described in section 4.1 of Example 4, except that the expression cassette 
was isolated from the plasmid pMRT1138 (described in section 3.4 of Example 3). 
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The resulting plasmid was called pMRTl 180, and was transferred into the LBA4404 
Agrobacterium tumefaciens strain according to the protocol described above in section 4.1 of 
Example 4. The agrobacterium clone obtained was called Al 180. 

4.5. Construction of the binary plasmid pMRT118L 

The binary plasmid pMRTl 181 was obtained by inserting the expression cassette 
"MPrl 139 (SEQ ID NO. 13)/ uidA-IV 2/ term-nos" into the EcoRI site of the binary plasmid 
pMRTll 18, which was described in section 4.1 of Example 4, except that the expression cassette 
was isolated from the plasmid pMRT1139 (described in section 3.9 of Example 3). 

The resulting plasmid was called pMRTl 181, and was transferred into the LBA4404 
Agrobacterium tumefaciens strain according to the protocol described above in section 4.1 of 
Example 4. The agrobacterium clone obtained was called A118L 

4.6. Construction of the binary plasmid pMRT1182. 

The binary plasmid pMRTl 182 was obtained by inserting the CaMV PrD35S promoter 
fragment and the sequence uidA-TV2fterm-nos into the binary plasmid pMRT1118. 

CaMV PrD35S was isolated by digesting 10 ng of the plasmid pJIT163D successively 
with Kpnl and with Hindlll for 1 h at 37°C. The 743-bp fragment corresponding to CaMV 
PrD35S was separated on a 0.8% agarose gel, and then purified with the aid of the "QIAquick 
Gel Extraction" kit. 

The sequence wfdA-IV2/term-nc?s was obtained by digesting 4 \ig of plasmid pMRT1092 
with Hindlll and EcoRI for 1 h at 37°C. The 2.2-kb fragment corresponding to the sequence 
uidA-IV2/term-n<95* was separated on a 0.8% agarose gel, and then purified with the aid of 
the "QIAquick Gel Extraction" kit. 

In parallel, 10 jig of binary plasmid pMRTl 118 were digested successively with Kpnl 
and EcoRI for 1 h at 37°C. The linearized vector fragment was then dephosphorylated with 40 U 
of calf intestine alkaline phosphatase (New England Biolabs) in the presence of buffer 3 (IX), 
for 1 h at 37°C. 



47 



The ligation was carried out in the presence of 100 ng of binary plasmid, 50 ng of the 
CaMV PrD35S fragment and 50 ng of the fragment corresponding to the sequence uidA- 
IV2/term-rcos in a 20 |il reaction volume, in the presence of the T4 DNA ligase buffer (IX) and 
400 units of T4 DNA ligase enzyme (New England Biolabs). The incubation was carried out 
with PCR cycles in the "GeneAmp PCR System 9700" thermocycler as described above. 
Escherichia coli DH5a bacteria, which had been made competent beforehand, were transformed 
with half of the ligation reaction medium. The plasmid DNA of the clones obtained, which were 
selected on LB medium supplemented with kanamycin (50 mg/1), was extracted according to the 
alkaline lysis method and analysed with enzymatic digestions. 

The resulting plasmid was called pMRTl 182, and was transferred into the LBA4404 
Agrobacterium tumefaciens strain according to the protocol described above in section 4.1 of 
Example 4. The agrobacterium clone obtained was called All 82. 

Example 5. 

Construction of the binary plasmid pMRT1207 containing the MPrll39 promoter (SEQ ID 
NO, 13), used in the stable transformation of maize. 

The binary plasmid pMRT1207 was obtained by inserting the expression cassette 
"MPrl 139 (SEQ ID NO. 13)/w^TV2/term-n^" of pMRT 1 139 into the Hpal site of the binary 
plasmid pMRTl 195 (unpublished Patent application FR 991 1 1 12). 

In order to do this, 7 p,g of plasmid pMRTl 139 were digested successively with EcoRI 
and XmnI for 1 h at 37°C. The expression cassette was then isolated on a 0.7% agarose gel with 
the aid of the "Concert Rapid Gel Extraction System" kit, and subjected to the action of 20 U of 
the Klenow fragment (New England Biolabs) for 30 min. at 37°C in the presence of 60 nmol of 
each of the dNTPs, of 12 \A of MgC12 buffer (500 mM) and of 6 \A of DTT (1 M). 

In parallel, 5 ng of binary plasmid pMRTl 195 were digested with Hpal for 1 h at 37°C. 
The linearized vector fragment was then dephosphorylated with 40 U of calf intestine alkaline 
phosphatase (New England Biolabs) in the presence of buffer 3 (IX) at 37°C for 1 h. 

The ligation was carried out with 100 ng of the expression cassette and 10 ng of plasmid 
pMRTl 195 thus treated, with PCR cycles in the "GeneAmp PCR System 9700" thermocycler, as 
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described above. Escherichia coli DH5a bacteria, which had been made competent beforehand, 
were transformed with all of the ligation reaction mixture. The plasmid DNA of the clones 
obtained, which were selected on LB medium supplemented with kanamycin (50 mg/1), was 
extracted according to the alkaline lysis method and analysed with enzymatic digestions. 

The plasmid obtained, called pMRT1207, was transferred, as described in section 4.1 of 
Example 4, into the LBA4404-pSBl Agrobacterium tumefaciens strain, this strain being derived 
from the LB A4404 Agrobacterium tumefaciens strain subsequent to the integration of the 
plasmid pSBl (unpublished Patent application FR 991 1 1 12), according to the protocol described 
above for the production of Al 177. The plasmid DNA of the clones obtained, which were 
selected on 2YT medium supplemented with rifampicin (50 mg/1), with kanamycin (50 mg/1) and 
with tetracycline (5 mg/1), was extracted according to the alkaline lysis method, which was 
modified by adding lysozyme (25 mg/ml) to the cell resuspension buffer. The plasmid DNA was 
analysed with enzymatic digestions, and the agrobacterium clone obtained was called A1207. 

Example 6. 

Measurement and comparison of the activity of the various promoters in transient 
expression in maize and tobacco. 

6.1 Preparation of plant extracts. 

6.1.1. Production and preparation of maize seeds. 

The transient expression experiments were carried out on the maize albumen SN 87 165 
(L2), removed from maize plants cultivated in a phytotron at 24°C, under 60% humidity and a 
photoperiod of 16 h light/8 h darkness. 

Twelve days after pollination (DAP), the maizes were removed and sterilized in a bath of 
20% domestos with stirring for 5 min. Following the removal of the domestos with successive 
rinses in sterile deionized water, the pericarp and the layer of aleurone cells are carefully 
removed under sterile conditions. Tangential sections of the albumen thus extracted were 
prepared and placed on filter paper soaked in minimum Murashige and Skoog medium (MS 
5524, Sigma). 
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6.1.2. In vitro culture of tobacco, preparation of the leaves. 

The transient expression experiments were carried out on 6-week-old leaves of tobacco 
(Nicotiana tabacum L.) of the cultivar PBD6. Mature seeds of tobacco cv. PBD6 were sterilized 
for 10 min in a saturated solution of calcium hypochlorite (70 g/1), and then rinsed three times for 
5 min in sterile deionized water. The sterile seeds were placed on MS20 medium (Murashige 
and Skoog, 1962, Physiol. Plant. 15: 473-497) and incubated for 6 weeks in a culture chamber 
(constant temperature of 24°C, 16 h light/8h darkness photoperiod). 

In order to minimize the destruction of the cells of the foliar mesophyll during the 
transformation by biolistics, the 2 main leaves of the 6-week-old PBD6 tobacco plants were 
removed 24 h before transformation, placed, with the upper side of the leaf facing upwards, on 
the BY3 gentle plasmolysis medium (4.4 g/1 MS-5519 salts, 100 mg/1 myoinositol, 1 mg/1 
thiamine, 200 mg/1 KH 2 P0 4 , 30 g/1 sucrose, 45.5 g/1 sorbitol, 1 mg/1 2.4 D, 8 g/1 agar, pH 5.8), 
and placed in a culture chamber (constant temperature of 25°C, 16 h light/ 8 h darkness 
photoperiod). 

6.2. Adsorption of the plasmid DNA onto tungsten or gold microparticles. 

The transformation by biolistics required the DNA to be deposited beforehand on 
spherical microparticles made of tungsten or of gold, sterilized for 10 min in absolute ethanol 
(99.98%, containing less than 0.02% of water), washed four times in sterile deionized water, and 
conserved at -20°C in a solution of 50% glycerol for a maximum of 4 weeks. 

The concentration of all of the control and test plasmids used during the transformation 
was adjusted to 1 mg/ml. In each of the transformation experiments in which the activity of the 
promoter studied was evaluated using a luminometric assay, an internal reference control 
(pCaMV35Sluc) was cotransformed in order to normalize the variations in the GUS activity 
between the various experiments (Leckie et al, 1994, Biotechniques 17: 52-56). However, when 
the activity of the promoter studied was determined using a histochemical assay, the reference 
plasmid was not cotransformed. 

The coating of the DNA onto the particles thus prepared was carried out in a sterile 
laminar flow chamber. A 1.8 mg aliquot fraction of sterile particle suspension in 30 ul of 50% 
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glycerol was vigorously mixed by vortexing for 1 min., and then for 10 sec. with 20 (il of the 
DNA suspension containing 5 \ig of one of the plasmids to be tested and 2 jug of the reference 
plasmid pCaMV35Sluc. Then 20 ^1 of 2.5 M CaCl 2 were added and vigorously mixed for 10 
sec. Next, 20 fil of 0.1 M spermidine were added to the mixture, and all of this was stirred by 
vortexing for a further 30 sec. The coating of the DNA onto the beads was continued by 
incubating the mixture in ice for 15 min, and then the coated beads were centrifuged at low speed 
for 5 sec and washed twice in absolute ethanol. The particles thus coated were resuspended in 32 
|al of absolute ethanol, mixed vigorously by vortexing for 15 sec, and then immediately 
distributed as 4 identical aliquot fractions onto the sterile "microcarrier" discs of the PDS- 
1000/He Biolistic system which had been prepared according to the manufacturer's 
recommendations (Bio-Rad, Hercule, USA). The "microcarrier support/microcarrier bearing the 
particle deposit" set was dried for 5 min. 

6.3. Transient transformation of plant extracts by biolistics. 

6.3.1. Bombarding the maize albumens and transient expression. 

The bombarding of the maize albumens was carried out using the PDS-1000/He Biolistic 
system according to the general recommendations of the supplier (Bio-Rad, Hercule, USA) 
concerning the handling and assembly of the various elements of the equipment. Each albumen 
was bombarded twice successively with tungsten particles 0.6 |nm in diameter, according to the 
following firing characteristics: 

- the helium pressure chosen to accelerate the particles is 6200 kPa (900 psi), 

- the plant sample is placed 6 cm from the bead acceleration zone, and 

- the firing is carried out under a reduced atmosphere of 27 mm of mercury. 

Following the bombarding, the albumens were left in the same conditions and were 
incubated for 24 h in the dark in a culture chamber at 26°C, in order to allow the transient 
expression of the transgenes introduced into the cells. 
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6.3.2, Bombarding the tobacco foliar tissues and transient expression. 

The bombarding of the tobacco leaves was carried out in the same way as the 
bombarding of the maize albumens, with two exceptions: 

- the samples were bombarded with gold particles 1 |im in diameter, 

- the samples were placed 9 cm from the bead acceleration zone. 

After bombarding, the leaves were left in the same conditions and were incubated for 48 
h in a culture chamber (constant temperature of 25°C, 16 h light/8 h darkness photoperiod), in 
order to allow the transient expression of the transgenes introduced into the cells. 

6.4. Revelation and evaluation of the activity of the various promoters by 
histochemical staining. 

6.4.1. Revelation of 15-glucuronidase expression. 

A revelation of b-glucuronidase expression was carried out by histochemical staining as 
described by Jefferson et aL (1987, EMBO /. 6: 3901-3907). Following the incubation period in 
a culture chamber, the plant extracts were incubated in the presence of the B-glucuronidase 
substrate X-Gluc (500 mg/1 5-bromo-4-chloro-3-indolyl glucuronide), in 0.1 M phosphate buffer, 
0.05% Triton X100, pH 7.0, for 24 h at 37°C. 

After staining, the maize albumens were directly analysed or conserved sterilely at 4°C 
for several weeks, whereas the tobacco leaves were depigmented by two successive passages 
through 95% ethanol baths for 3 and 12 h, respectively, and then rinsed in distilled water and 
dried flat between two cellophane sheets. 

The promoter activity of the various constructs was evaluated by estimating the number 
and intensity of the blue dots revealed on each plant extract. 



52 



6.4.2. Qualitative evaluation of the activity of the promoters in the maize 

albumen. 

The histochemical revelation of the b-glucuronidase expression made it possible to 
5 identify three categories of promoter. 

The albumens bombarded with the pMRTl 197, pMRTl 126, pMRTl 127 and pMRTl 199 
construct systematically exhibit a number of blue dots which is lower than 10. The presence of 
blue spots on the albumens transformed with the pMRTl 197 construct indicates that the 96-bp 
sequence of MPrl 197 (SEQ ID NO. 16) constitutes the minimum promoter sequence of the 
ljQ. HMWG-Dx5 promoter (SEQ ID NO. 1), which is capable of directing basic transcriptional 
a activity in the maize albumen. The absence of blue spots on the albumens bombarded with the 
H pMPRTl 144 construct, which lacks promoter sequence (negative control), confirms the 
H functionality of the promoters grouped together in this category. 

m The albumens bombarded with the pMRT1128, pMRT1213, pMRT1216, pMRT1217, 

pMRTl 136, pMRTl 137, pMRTl 135 and pMRTl 138 constructs exhibits on average a number 
^ of blue dots which is equivalent to the albumens transformed with the pMRTl 125 (PrHMWG- 
E Dx5 (SEQ ID NO. I)) and pMRT121 8 (Prg-zein, positive control) constructs. 

Finally, the albumens bombarded with the pMRTl 130, pMRTl 13 1, pMRTl 139 and 
pMRT1200 constructs exhibit an intensive and diffuse blue staining which makes counting the 
2 0 number of blue dots difficult, but which leads to the suggestion that the MPrl 130 (SEQ ED NO. 
5), MPrl 131 (SEQ ID NO. 6), MPrl 139 (SEQ ID NO. 13) and MPrl200 (SEQ ID NO. 19) 
promoters are very highly active in the maize albumen 12 days after pollination. 

6.4.3. Quantitative evaluation of the activity of the promoters in the tobacco 

leaves. 

2 5 The results of the histochemical assays carried out on the tobacco leaves transformed 

with the pMRTl 125 (PrHMWG-Dx5 (SEQ ID NO. 1)), pMRTl 130, pMRTl 131, pMRTl 133, 
pMRT1134, pMRT1135, pMRT1136, pMRT1137, pMRT1138 andpMRT1092 (CaMV PrD35S, 
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positive control) constructs given in Figure 5 made it possible to classify the promoters studied 
in four categories. No blue spot was observed on the leaves bombarded with the pMRTl 125 
(PrHMWG-Dx5 (SEQ ID NO. 1)) construct. The leaves bombarded with the pMRTl 133, 
pMRTl 134, pMRTl 136 and pMRTl 137 constructs exhibit on average a number of blue dots 
which is between 50 and 100. The leaves transformed with the pMRTl 135, pMRTl 138 and 
pMRTl 139 constructs (result not shown) exhibit a considerable number of blue dots, which is 
equivalent to that observed on the leaves bombarded with the reference construct pMRT1092 
(CaMV PrD35S). Finally, the leaves bombarded with the pMRTl 130 and pMRTl 131 constructs 
exhibit a much higher number of diffuse and intense blue spots than the leaves bombarded by the 
reference construct pMRT1092 (CaMV PrD35S). 

In light of these results, several pieces of essential information can be derived. 

The CaMV 35S as-1 and as-2 activating sequences deregulate the activity of the HMWG- 
Dx5 promoter (SEQ ID NO. 1) in the tobacco leaves. 

The CaMV 35S as-1 and as-2 activating sequences act synergistically with deregulating 
motifs present in the HMWG-Dx5 promoter (SEQ ID NO. 1). The "G'Mike box appears to be 
one of the key elements of this combinatorial control. The GATA boxes, in combination with • 
the "G'Mike box and the CaMV 35S as-1 and as-2 activating sequences, are perhaps responsible 
for the very high activity of MPrl 130 (SEQ ID NO. 5) and MPrl 131 (SEQ ID NO. 6). 

Duplicating the CaMV 35S as-2 activating sequence does not confer a notable positive 
additional effect, 

The "cereal boxes", in combination with the CaMV 35S as-1 and as-2 activating 
sequences, appear to confer a negative transcriptional effect in the tobacco leaves. 

In conclusion, since the CaMV D35S promoter is commonly reported in the literature as 
being a chimeric promoter which provides an increase in the promoter activity of the GUS 
reporter gene which is about 8 to 12 times greater than the one provided by the CaMV 35S 
promoter (Kay et al, 1987, Science 236: 1299-1302.), the MPrl 135 (SEQ ID NO. 9), MPrl 138 
(SEQ ID NO. 12), MPrl 139 (SEQ ID NO. 13), MPrl 130 (SEQ ID NO. 5) and MPrl 131 (SEQ 
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ID NO. 6) promoters are certainly the strongest chimeric promoters active in tobacco leaves 
described to date. 

The MPrll33 (SEQ ID NO. 7), MPrll34 (SEQ ID NO. 8), MPrll36 (SEQ ID NO. 10) 
and MPrl 137 (SEQ ID NO. 11) promoters, whose activity is weaker in tobacco leaves, also have 
an advantage, since they can direct the expression of resistance genes in order to allow the 
selection of transgenic plants, in the same way as the "nos"-type promoters for example. 

6.5. Quantification of the activity of the various promoters in the maize albumen by 
luminometric assay of B-glucuronidase expression. 

The albumens previously transformed by biolistics were frozen in liquid nitrogen and 
ground with the aid of a glass rod mounted on a drill. The powder was then thawed in extraction 
buffer (25 mM Tris Phosphate, pH 7.8, 2 mM dithiothreitol, 2 mM 1,2-diaminocyclohexane, 
N,N,N\N'-tetraeetic acid, 10% glycerol, 1% Triton X100) in a proportion of 1 ml of buffer per 
250 mg of tissue. The mixture was homogenized and then incubated for lh at 4°C, before being 
clarified by centrifugation for 5 min at 16060 g. 

The GUS activity was measured on 10 of clarified crude extract, with the aid of the 
"GUS-Light chemiluminescent reporter gene assay" detection kit (Tropix Inc., Bedford, USA) 
according to the manufacturer's recommendations. Measurement of light emission was carried 
out using a Lumat LB 9507 luminometer (EGG-Berthold, Bad Wildbad, Germany). 

In parallel, the luciferase activity was measured on 10 \i\ of clarified crude extract, with 
the aid of the "Luciferase assay system" detection kit (Promega Corp., Madison, USA) according 
to the manufacturer's recommendations. Measurement of light emission was carried out with the 
aid of the Lumat LB 9507 luminometer placed in a cold room at 4°C. 

The results are given in Figs. 6 and 7. For each assay (three half albumens = one crude 
extract), the ratio between the B-glucuronidase activity and the luciferase activity measured with 
the luminometer was calculated. The mean of at least 5 independent assays per construct and the 
standard error of the mean were determined. 
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In order to analyze the effect of the various modifications brought to each of the 
promoters described in this patent, said promoters were divided up into two distinct groups. 
Group I (Fig. 6) consists of the promoters which make it possible to carry out a detailed 
functional dissection of the HMWG-Dx5 promoter (SEQ ED NO. 1), and Group II (Fig. 7) 
contains the promoters which make it possible to determine the effect of the diverse cis- 
activating elements studied in this patent, in combination with the HMWG-Dx5 promoter (SEQ 
ID NO. 1). 

Group I contains the MPrl 128, MPrl 127 (SEQ ID NO. 3), MPrl 126 (SEQ ID NO. 2), 
MPrl 197 (SEQ ID NO. 16), MPrl 198 (SEQ ID NO. 17), MPrl216 (SEQ ID NO. 21) and 
MPrl217 (SEQ ID NO. 22) promoters, the HMWG-Dx5 reference promoter (SEQ ID NO. 1) 
and the reference construct pMRT1144 (negative control), this construct lacking promoter 
sequence (Fig. 6). The results of the luminometric assays make it possible to derive several 
observations. 

The gradual deletions of the 5' region of the HMWG-Dx5 promoter (SEQ ID NO. 1) 
leads to a gradual decrease in the mean relative activity conferred by these promoters. The 
whole 417-bp PrHMWG-Dx5 promoter sequence (SEQ ID NO. 1) thus appears to be required in 
order to allow maximum activity of the HMWG-Dx5 promoter (SEQ ID NO. 1). 

The slight difference in activity recorded between the MPR1 128 (SEQ ID NO. 4) and 
PrHMWG-Dx5 (SEQ ID NO. 1) promoters shows that the sequence located upstream of 
nucleotide -238 does not contain the major cis-activating elements which are responsible for the 
activity of the HMWG-Dx5 promoter (SEQ ID NO. 1). 

The significant decrease in activity between the MPR1128 (SEQ ID NO. 4) and 
MPrl 127 (SEQ ID NO. 3) promoters leads to the suggestion that the sequence located upstream 
of nucleotide -205, which contains a "G'Mike box, plays a role which is capital for the activity 
of the HMWG-Dx5 promoter (SEQ ID NO. 1). 

The slight difference in activity recorded between the MPrl 127 (SEQ ID NO. 3) and 
MPrl 126 (SEQ ID NO. 2) promoters does not allow a conclusion to be drawn regarding the real 
role of the enhancer element. 
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The activity of the MPrll97 (SEQ ID NO. 16) promoter, which is very weak but 
stronger than that obtained with the pMRT1144 construct which does not contain a promoter, 
indicates that the 96-bp minimum PrHMWG-Dx5 (SEQ ID NO. 1) sequence confers a basic 
transcription level. 

The weak activity of MPrl 198 (SEQ ID NO. 17), compared with that of MPR1 128 (SEQ 
ID NO. 4), indicates that the PrHMWG-Dx5 (SEQ ID NO. 1) sequence stretching from 
nucleotide -59 to nucleotide -135, although lacking putative cw-activating elements, plays a 
predominant role in the activity of the HMWG-Dx5 promoter (SEQ ID NO. 1). This result 
implies that the functionality and, consequently, the accessibility of the frarcs-activating factors 
on the "G" box and on the activating element, depend on the distance which separates them from 
the TATA box. 

Duplicating the MPR1 128 (SEQ ID NO. 4) sequence stretching from nucleotide -136 to 
nucleotide -225, which harbors the "G" box and the activating element, confers on the MPrl216 
promoter (SEQ ED NO. 21) b-glucuronidase activity which is at least as high as that directed by 
PrHMWG-Dx5 (SEQ ID NO. 1). Conversely, triplicating this same sequence in the MPrl217 
promoter (SEQ ID NO. 22) has no additional additive effect. 

Group II contains the MPrl 128, MPrl213 (SEQ ID NO. 20), MPrl 199 (SEQ ID NO. 18), 
MPrll36 (SEQ ID NO. 10), MPrll37 (SEQ ID NO. 11), MPrll38 (SEQ ID NO. 12), MPrl 131 
(SEQ ID NO. 6), MPrl 135 (SEQ ED NO. 9), MPrl 130 (SEQ ID NO. 5), MPrl 139 (SEQ ID NO. 
13) and MPrl200 (SEQ ID NO. 19) promoters, the HMWG-Dx5 reference promoter (SEQ ID 
NO. 1) and the g-zein promoter which is used as a positive control (Fig. 7). In the same way as 
for the promoters of group I, the results of the luminometric assays make it possible to derive 
several observations: 

Fusing the CaMV 35S as-2 (Lam and Chua, 1989, supra) and as-1 (Lam et al, 1989, 
supra)) activating sequences at position -65 bp of the HMWG-Dx5 promoter (SEQ ED NO. 1) 
and of the HMWG-Dx5 promoter (SEQ ID NO. 1) derivatives very greatly potentiates the 
activity of the resulting MPrl 130 (SEQ ID NO. 5), MPrl 131 (SEQ ED NO. 6), MPrl 136 (SEQ 
ED NO. 10), MPrl 137 (SEQ ID NO. 11), MPrl 135 (SEQ ED NO. 9) and MPrl 138 (SEQ ID NO. 
12) promoters. By way of indication, the MPrl 131 (SEQ ID NO. 6) and MPrl 130 (SEQ ID NO. 
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5) promoters are, respectively, 3.2 and 3.8 times more active than the HMWG-Dx5 promoter 
(SEQ ID NO. 1). 

The CaMV 35S as-2 and as-1 activating sequences act synergistically with the de- 
activating elements of the HMWG-Dx5 promoter (SEQ ID NO. 1). The gradual decrease in the 
5 activity of the MPrl 131 (SEQ ID NO. 6), MPrl 138 (SEQ ID NO. 12), MPrl 137 (SEQ ID NO. 
11) and MPrl 136 (SEQ ID NO. 10) promoters, which coincides, respectively, with the gradual 
5' deletions of the HMWG-Dx5 promoter (SEQ ID NO. 1), confirm this. 

The comparison of the MPrl 130 (SEQ ID NO. 5) and MPrl 135 (SEQ ID NO. 9) 
promoters with the MPrl 131 (SEQ ID NO. 6) and MPrl 138 (SEQ ID NO. 12) promoters, 
10 respectively, indicates that duplicating the CaMV 35S as-2 activating sequence does not 
13 engender a significant additive activating effect. 

Fusing the "cereal boxes" of the promoter of the high molecular weight glutenin gene 

O encoding the Bx7 subunit of the hexaploid wheat Triticum aestivum Lev Cheyenne (Anderson et 

! a al., 1998, supra), upstream of the MPrl 131 (SEQ ID NO. 6) and MPrl 138 (SEQ ID NO. 12) 

1^ promoters very greatly improves the activity of the resulting MPrl 139 (SEQ ID NO. 13) and 

O MPrl200 (SEQ ID NO. 19) promoters. By way of indication, the activity of MPrl 139 (SEQ ID 

§! J NO. 13) and of MPrl200 (SEQ ID NO. 19) is approximately 5.5 times higher than that of the 

2 HMWG-Dx5 promoter (SEQ ID NO. 1). 

The weak activity of the MPrl213 promoter (SEQ ID NO. 20), which corresponds to the 
2 0 fusion of the "cereal boxes" upstream of the MPrl 128 promoter, implies that the "cereal boxes" 
act synergistically with the CaMV 35S as-2 and as-1 activating sequences so as to potentiate the 
activity of the MPrl 139 (SEQ ID NO. 13) and MPrl200 (SEQ ID NO. 19) promoters. 

Finally, fusing the "GC-rich" element of the intergenic region of the maize streak virus 
(MSV) upstream of the MPR1 128 (SEQ ID NO. 4) promoter does not contribute to increasing 
2 5 the activity of the resulting MPrl 199 promoter (SEQ ID NO. 1 8). On the contrary, the "GC- 
rich" element appears to confer a slightly inhibitory effect. 

In conclusion, the MPrl 139 (SEQ ED NO. 13) and MPrl200 (SEQ ID NO. 19) 
promoters, since they are, respectively, 4 and 3.9 times more active than the Prg-zein promoter, 
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which is commonly used in plant biotechnology to direct protein expression at high levels, are 
unquestionably powerful tools capable of improving the level of expression of heterologous 
proteins in the maize albumen. Moreover, it is to be noted that the MPrl 130 (SEQ ID NO. 5), 
MPrll31 (SEQ ID NO. 6), MPrll35 (SEQ ID NO. 9), MPrll38 (SEQ ID NO. 12), MPrll37 
(SEQ ED NO. 1 1) and MPrl 136 (SEQ ID NO. 10) promoters confer b-glucuronidase activity in 
the maize albumen which is at least as great as that obtained with the Prg-zein promoter. Finally, 
the less effective promoters are also very valuable, since they can be used to provide the control 
of the expression of resistance genes or of genes encoding enzymatic proteins. 

Example 7. 

Expression and evaluations of the activity of the various promoters in stable expression in 
maize and tobacco. 

7.1. Stable gene transformation of maize with Agrohacterium tumefaciens. 

The technique used is described by Ishida et al. (1996). Immature embryos 1.0 to 1.2 mm 
in length (9 to 14 days after pollination) were washed in LS-inf medium, then immersed in the 
agrobacteria suspension, prepared as described by Ishida et al. (1996), vortexed for 30 sec, and 
incubated at room temperature for 5 min. The immature embryos thus treated were cultivated on 
LS-AS medium in the dark at 25°C for 3 days, then transferred onto LSD 1.5 medium 
supplemented with phosphinotricine at 5 mg/1 and cefotaxime at 250 mg/1, in the dark at 25°C 
for 2 weeks and, finally, placed on LSD 1.5 medium supplemented with phosphinotricine at 10 
mg/1 and cefotaxime at 250 mg/1, in the dark at 25°C for 3 weeks. The type I calluses thus 
generated were isolated, fragmented and transferred onto LSD 1.5 medium supplemented with 
phosphinotricine at 10 mg/1 and cefotaxime at 250 mg/1, in the dark at 25°C for 3 weeks. Then, 
the type I calluses, which had proliferated, were isolated and placed on LSZ medium 
supplemented with phosphinotricine at 5 mg/1 and cefotaxime at 250 mg/1, under a 16 hours 
light/8 hours darkness photoperiod at 25°C for 2 to 3 weeks. The regenerated plantlets were then 
transferred onto LSF 1/2 medium under a 16 hours light/8 hours darkness photoperiod at 25°C 
for 1 to 2 weeks, and then to a phytotron and to a greenhouse. 
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7.2. Stable gene transformation of tobacco with Agrobacterium tumefaciens. 

The transformation of the tobacco (Nicotiana tabacum L., of the PBD6 cultivar) was 
carried out by infecting foliar discs isolated from 6-week-old tobacco plantlets in vitro, with 
recombinant agrobacteria according to the method described by Horsch et al. (1985, Science 
227 : 129-1231). 

All the in vitro cultures are prepared in an air-conditioned area in which the light 
intensity is 200 jiE.m-2.s-l, the photoperiod is 16 hours light/8 hours darkness, and the 
temperature is 25°C. 

Except for the initial coculturing step, the regeneration, development and rooting steps 
were carried out on diverse selective media supplemented with a bacteriostatic agent, namely 
augmentin at 400 mg/1, and with a selective agent, namely kanamycin at 200 or 100 mg/L 

The various steps and media used are as follows: 

- After preculturing the agrobacteria in 5 ml of 2YT medium (10 g/1 bactotryptone, 5 g/1 
yeast extract, 5 g/1 NaCl, pH 7.2) supplemented with 6 mM final CaCl 2 and with suitable 
antibiotics, at 28°C for 48 hours, a culture in 10 ml of 2YT medium supplemented with CaC12 
and antibiotics is prepared at 28°C overnight. The culture is then centrifuged at 3000 g for 10 
min and the bacteria are resuspended in 10 ml of liquid MS30 (4.4 g/1 M0404 sold by SIGMA, 
supplemented with 30 g/1 sucrose, pH 5.7). 

The coculturing is carried out by placing the approximately 1 cm 2 foliar explants, which 
have been cut out from in vitro plantlet leaves, in contact with the agrobacteria suspension 
diluted 10-fold in liquid MS30, for 20 min. Then, the explants thus treated are rapidly dried on 
filter paper and placed on a solid coculture medium (CM) (MS30, benzyl aminopurine (BAP) at 1 
mg/1, indole-3-acetic acid (IAA) at 0.1 mg/1, agar-agar at 8 g/1) for 48 hours in the air- 
conditioned area. 
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The treated explants are then placed on a solid regeneration medium (solid CM, 
augmentin at 400 mg/1, kanamycin at 200 mg/1). The explants are subcultured on the same 
medium after 2 weeks. 

After 2 weeks, the buds are subcultured on a solid development medium (4.4 g/1 M0404 
sold by SIGMA, supplemented with 20 g/1 sucrose, pH 5.7 (liquid MS20), augmentin at 400 
mg/1, kanamycin at 100 mg/1, agar-agar at 8 g/1). 

After 2 weeks, the transformed plantlets are subcultured on solid rooting medium which 
is identical to the development medium. The rooting lasts 2 to 3 weeks, at the end of which the 
plantlets are removed to the phytotron in jiffy pots for 10 days (16 hours light/8 hours darkness 
photoperiod, 23°C and 70% humidity), and then transferred to a greenhouse. 

7.3. Measurement of B-glucuronidase activity in the maize and tobacco plants. 

To measure the B-glucuronidase activity, the samples taken from the transgenic plants 
were frozen in liquid nitrogen and ground with the aid of a glass rod mounted on a drill. The 
powder was then resuspended in extraction buffer (25 mM Tris Phosphate, pH 7.8, 2 mM 
dithiothreitol, 2 mM 1,2-diaminocyclohexane, N,N,N\N'-tetracetic acid, 10% glycerol, 1% 
Triton XI 00) in a proportion of 1 ml of buffer per 250 mg of tissue. The mixture was 
homogenized and then incubated for lh at 4°C, before being clarified by centrifugation for 5 min 
at 16060 g. 

The GUS activity was measured on 10 [il of clarified crude extract, with the aid of the 
"GUS-Light chemiluminescent reporter gene assay" detection kit (Tropix Inc., Bedford, USA) 
according to the manufacturer's recommendations. Measurement of light emission was carried 
out using a Lumat LB 9507 luminometer (EGG-Berthold, Bad Wildbad, Germany). 

The amount of total protein present in the crude extract was measured according to the 
Bradford technique (1976, Anal Biochem. Ill 248-254.), using the "Bio-Rad protein assay" 
reagent (Bio-Rad, Munich, Germany). 
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7.4. Stable Expression and Chimeric Promoter Activity in Maize Endosperm and 
Leaves. 



7.4.1. Expression in Seeds. 

The p-glucuronidase activity controlled by the chimeric HMWG promoters in stable 
5 expression in maize endosperm was compared to controlled by the reference promoter 512 
gamma-zein, which is known to be highly active in maize albumen (Marzabal et al., 1998, The 
Plant Journal 16(1) : 41-52). Six seeds per cob were studied, taken starting from the apex of the 
cob and proceeding towards its base, at different stages of growth. As an indication, the 30 DAP 
stage corresponds to maize seeds taken 30 days after pollination. The luminometric amounts of 
1 0 p-glucuronidase activity were determined for each seed according to the method described in 
O section 7.3 of example 7. 

!;1 The results as reported in Figure 8 refelect the p-glucuronidase activity under the control 

u of the chimeric HMWG-Dx5 derived promoters (MPrl 139, MPrl200 and MPrl 13 1) and the 
reference promoter 512 gamma-zein, during stable expression in mature corn seeds, harvested at 
13' 30 DAP. The comparison of the activities of each population of plants gives a good indication of 
O the respective strength of the different promoters. The p-glucuronidase activity under the control 
hi of promoters MPrl 139, MPrl200 and MPrl 131 is on average of the order of 1.5 to 2 times as 

great as that under the control of the reference promoter 512 gamma-zein. Nonetheless, the 
M seeds of plants 302.A3 and 347.H1, which respectively express the GUS protein under the 
2 0 control of the promoters MPrl 139 and MPrl 131, show a P-glucuronidase activity of 7 and 14 

times respectively that of the activity controlled by the reference promoter 512 gamma-zein. No 
significant difference in p-glucuronidase activity was noted in plants expressing the GUS protein 
under the control of promoters MPrl 139, MPrl200 et MPrl 131. However, P-glucuronidase 
activity varies considerably in each population of plants. This phenomena, which has already 
2 5 been observed in the majority of genes introduced into plants, can be explained by positioning 

effects of the transgene and copy number. The luminometric determinations carried out at the 13 
and 18 DAP stages of development (results not shown) indicate that the p-glucuronidase activity 
varies over time, but that the promoters responsible for the highest p-glucuronidase activity at the 
30 DAP stage are also the strongest promoters in the earlier stages of development, at 13 and 18 
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DAP respectively. Thus, the classification of the promoters is maintained during development. 
The histogram shown in Figure 9 shows temporal fluctuations in p-glucuronidase activity under 
the control of the promoter MPrl 139. These results indicate the GUS activity is detectable from 
10 DAP, reaches a plateau between 16 and 28 DAP and declines thereafter up to 30 DAP. The 
GUS activity plateau, obtained from plants taken during the summer period, was also observed 
for the period of development between 12 and 20 DAP (results not shown). The histochemical 
tests carried out on longitudinal sections of corn seeds taken at 13 DAP (Figure 10a), 18 DAP 
(Figure 10b) or on dissected maize seeds (Figure 10c) indicate that the promoter MPrl 139, in 
maize seed, is specifically expressed in the albumen, no staining having been detected in the 
embryo, the aleurone or the pericarp. Furthermore, the histograms illustrated in Figure 1 1 
indicate that the expression of MPrl 139 is stable, or even greater in the second generation (T2). 

From the preceding data, the following information can be summarized: 

- the activating sequences as-1 and as-2 of the CaMV 35S promoter, fused to the 
promoter sequence HMWG-Dx5, appear to be very strong ds-activating elements in maize 
albumen; 

- the activating sequences as-1 and as-2 of the CaMV 35S promoter do not deregulate the 
activity of the FIMWG-Dx5 promoter in maize seeds (Figure 10); 

- the cereal boxes do not have a significant cis-regulatory effect in stable expression in 
corn seeds, the promoter MPrl 131 being at least as active as the promoter MPrl 139; and 

- the promoter sequence HMWG-Dx5 located upstream of the "G" box, stretching from 
nucleotides -238 to -378 bp, does not play a key regulatory role within the chimeric promoters 
derived from HMWG, the promoter MPrl 200 being at least as active as the promoter MPrl 139 
in stable expression of maize seeds. 

In conclusion, the chimeric promoters derived from HMWG (MPrl 139, MPrl 131 and 
MPrl200), being on average roughly 1.5 to 2 times as active or even greater for the best 
expressors 302. A3 and 347 .HI, as the reference promoter 512 gamma-zein, are incontestably 
exceedingly useful tools capable of improving the expression of heterologous proteins in maize 
albumen. The chimeric promoters derived from HMWG according to the present invention can 
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also be used to over-express endogenous proteins in monocotyledonous plant seeds, thereby 
representing an interest for agriculture for example, for the production of rice or wheat, in 
relation to starch production. 

7.4.2 Stable Expression in Leaves. 

The p-glucuronidase activity under the control of promoters MPrl 139, MPrl 131 and 
MPrl200 was determined by stable expression in maize leaves. The luminometric 
determinations of P-glucuronidase activity were carried out according to the method described in 
section 7.3 of example 7 from two leaf disks, each two centimeters in diameter, taken at 3 weeks 
after acclimatization in a greenhouse from maize plants. 

The comparison of the activities for each population of plants indicates that the |3- 
glucuronidase activity controlled by the chimeric promoters MPrl 139, MPrl200 and MPrl 13 1 is 
at the most 30 times greater than the background noise measured in plants expressing the GUS 
protein under the control of the 512 gamma-zein promoter (Figure 12), with the result that the 
promoters MPrl 139, MPrl200 and MPrl 131 are slightly or not at all active in the leaves of 
maize plants at the three week development stage after acclimatization in a greenhouse. 
Nevertheless, the histochemical tests carried out on the leaves of the primary transformants 
(plantlets) expressing the GUS protein under the control of the chimeric promoters derived from 
HMWG, during rooting in in vitro cultivation, systematically reveals a blue staining (results not 
shown). 

These results are very interesting in that the activity of the promoters MPrl 139, MPrl200 
and MPrl 131 is low but sufficient for carrying out early tests in the leaves of transgenic maize, 
without any major risks of toxicity. 

7.5. Stable Expression Activity of Chimeric Promoters in Tobacco Leaves and Seeds. 

7.5.1. Stable Expression in Leaves. 

The stable expression p-glucuronidase activity under control of the promoters MPrl 130, 
MPrl 131, MPrl 135, MPrl 138 and MPrl 139 was compared to that controlled by the CaMV 
D35S promoter, in tobacco leaves. The luminometric measurements of the p-glucuronidase 
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activity were carried out according to the method described in section 7.3 of example 7 from two 
leaf disks each two centimeters in diameter, taken from different leaves located at the base of the 
upper third of the primary transformants, at the 2, 5, 8 and 11 week stages of development after 
acclimatization in a greenhouse. In order to limit the variations in the degree of expression of the 
reporter gene, introduced mainly by random integration and the number of copies of the 
expression cassette, 10 to 30 independent transformants were studied for each construction. 

The results illustrated in Figure 13 reflect the stable expression p-glucuronidase activity 
under the control of the chimeric promoters derived from HMWG and the reference promoters 
HMWG-Dx5 and CaMV D35S in tobacco leaves, 11 weeks after acclimatization in a 
greenhouse. The comparison of the activities of each plant population provides a good 
indication of the respective strength of the different promoters. The p-glucuronidase activity 
controlled by the chimeric promoters of the present invention derived from HMWG is 
significantly greater than that measured under the control of the HMWG-Dx5 promoter, but 
roughly 5 to 10 times lower than that under the control of the CaMV D35S promoter. Amongst 
the different HMWG chimeric promoters, no significant difference in activity was observed, 
except for the promoter Mprl 139, which was slightly less active. The luminometric 
determinations made at the 2, 5 and 8 week development stage after acclimatization in a 
greenhouse (results not shown) indicate that the p-glucuronidase activity increases over time in 
any given plant, irrespective of the promoter used. However, the strongest promoters at the 1 1 
week development stage also confer the highest p-glucuronidase activity at earlier stages of 
development (2, 5 and 8 weeks after acclimatization in a greenhouse). Thus, the classification of 
the promoters at the 1 1 week stage also applies to all the other stages of development in tobacco. 

It is apparent from this data that the chimeric promoters derived from HMWG are 
functional but only weakly active in stable expression in tobacco leaves. This indicates that the 
activating sequences as-1 and as-2 deregulate the activity of the HMWG-Dx5 promoters in 
tobacco leaves, but do not confer a strong activating effect in association with the cis-regulatory 
elements present in the HMWG-Dx5 promoter sequence. 

In order to explain this apparent contradiction in these results with those obtained in 
transient expression experiments, two hypotheses were raised: 
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- the chimeric promoters derived from HMWG are induced by injury and/or stress during 
biolistic transformation of tobacco leaves ; 

- in stable tobacco expression, the chimeric promoters derived from HMWG are 
essentially expressed in the every early stages of development. 

The histochemical tests carried out on the leaves of the primary tobacco transformants in 
vitro (plantlets) during the regeneration step indicate high p-glucuronidase activity of the 
chimeric promoters derived from HMWG (results not shown). 

The chimeric promoters derived from HMWG, i.e. MPrll30, MPrll31, MPrll35, 
MPrll38 and MPrll39, although weakly active in stable expression of tobacco leaves, can be 
used for example for controlling the expression of an enzyme implicated in a biosynthetic 
pathway of the metabolism of the plant. They can also be used to control the expression of genes 
conferring a resistance to the plant, for example, a resistance to an antibiotic or a herbicide, 
useful as a selection agent. 

7.5.2. Stable Expression in Tobacco Seeds. 

The (3-glucuronidase activity was determined by luminometry in mature Tl tobacco seeds 
(100 mg per transformant) taken from 10 to 30 separate primary transformants obtained 
independently for each construction. The activity varies from plant to plant within a given 
construct (cf. Figure 14), which can be explained by positioning effects and the transgene copy 
number in the genome. 

The results show that certain chimeric promoters derived from HMWG can promote p- 
glucuronidase activity in tobacco seeds at least as highly as the CaMV D35S promoter. Indeed, 
the promoters can be classified as follows : 

- the promoters MPrl 130, MPrl 13 1 and Mprl 139, which promote (3-glucuronidase 
activity to the same extent as the CaMV D35S promoter; and 

- the promoters MPrl 135 and MPrl 138, which are twice as active in tobacco seeds as the 
CaMV D35S promoter. 
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The results obtained indicate that: 

- the activating sequences as-1 and as-2 of the CaMV 35S promoter confer an important 
cis-activating effect in a promoter sequence derived from HMWG containing only a "G -like" 
box and the "enhancer" element, as observed for promoters MPrl 135 and MPrl 138. Thus, the 
activating sequences as-1 and as-2 of the CaMV 35S promoter act in synergy with the cis- 
regulatory elements present in the HMWG-Dx5 promoter. The "G-like" box and the "enhancer" 
element seem to be the key elements in this combinatory control in tobacco seeds; 

- the HMWG-Dx5 promoter sequence located upstream of the "G" box, stretching from 
nucleotides -378 to -238, confers a negative cis-regulatory effect to the promoters MPrl 130, 
MPrl 131 and MPrl 139 in tobacco seeds; 

- the duplication of the activating sequence as-2 of the CaMV promoter does not confer 
any notable positive additive effect in tobacco seeds. Indeed, no difference in activity is obtained 
for MPrl 130 with respect to Mprl 131, nor for MPrl 135 with respect to MPrl 138; 

- the "cereal" boxes do not confer, any notable additive cis-activating effect in tobacco 
seeds, since the results obtained for the promoters MPrl 131 and MPrl 139 are similar; and 

the promoters MPrl 135 and MPrl 138, which are highly active in stable expression in 
tobacco seeds, are powerful tools for controlling the expression of heterologous proteins in 
dicotyledonous plants, for example, such as in those plants of high agronomic interest. 

Example 8. 

Construction of the binary plasmid pMRT1231 including the HMWG-Dx5 promoter (SEQ 
ID NO. 1), used for stable transformation of tobacco. 

The binary plasmid pMRT1231 was obtained by insertion of the expression cassette 
"HMWG-Dx5 (SEQ ID NO. 1) / uidA-TV2 1 term-mw" from pMRTl 125 into the restriction site 
Hpal from the binary plasmid pMRT1195. This is described in French patent application 
FR991 1 1 12, to be published, incorporated herein by reference with respect to the relevant 
passages. 
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In order to do this, 7 \ig of plasmid pMRTl 125 were digested successively by EcoRI and 
XmnI for 1 h at 37°C. The expression cassette was then isolated on 0.7% agarose gel using a 
"Concert Rapid Gel Extraction System" kit and subjected to the action of 20 Units of Klenow 
fragment (New England Biolabs) for 30 min. at 37°C in the presence of 60 nanomoles of each of 
the dNTPs, 12 jil of MgCl 2 (500 mM) and 6 \A of DTT (1M). 

In parallel, 5 |ig of binary plasmid pMRTl 195 were digested by Hpal for 1 h at 37°C. 
The linearized vector fragment was then dephosphorylated by 40 Units of calf intestine alkaline 
phosphatase (New England Biolabs) in the presence of 3 buffer at 37°C for lh. 

The ligation was carried out with 100 ng of the expression cassette and 10 ng of 
pMRTl 195 plasmid as obtained above, by a succession of PCR cycles in a "GeneAmp PCR 
System 9700" thermocycler as described previously. Previously prepared competent 
Escherichia coli DH5l), were transformed with all of the ligation reaction mixture. The plasmid 
DNA of the obtained clones, selected on LB media supplemented with kanamycine (50 mg/1), 
was extracted according to the alkaline lysis method and analyzed by enzymatic digestion. 

The plasmid obtained, designated pMRT1231, was then transferred as described 
previously in section 4.1 of example 4, into the strain Agrobacterium tumefaciens LBA4404- 
pSBl, which strain derives from Agrobacterium tumefaciens LBA4404 after integration of the 
pSBl plasmid according to the protocol described recently for obtaining the strain Al 177. This 
is described in French patent application FR991 1 1 12, to be published, incorporated herein by 
reference for the relevant passages. The plasmid DNA of the obtained clones, selected on 2YT 
media supplemented with rifampicine (50 mg/1), Kanamycine (50 mg/1) and tetracycline (5 
mg/1), was extracted according to the alkaline lysis method, modified by adding lysozyme (25 
mg/ml) to the cell resuspension buffer. The plasmid DNA obtained was analyzed by enzymatic 
digestion and the agrobacteria obtained designated A1231. 

The stable genetic transformation of tobacco was carried out as described in section 7.2 
of example 7 except that the selection agent used in the regeneration and development media is 
glufosinate at 0,5 and 2mg/l respectively. 
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Example 9. 

Construction of the binary plasmids including the promoters MPrlDl, MPrl200 and 512 
gamma-zein, used for stable genetic transformation of maize. 

9.1. Construction of binary plasmid pMRT1263. 

The binary plasmid pMRT1263 was obtained by insertion of the expression cassette 
M MPrll31 (SEQ. ED06) / uidA-W2 1 term-was" into the restriction site Hpal of the binary 
plasmid pMRTl 195. This plasmid is described in French patent application FR991 1 1 12, not yet 
published, and incorporated herein by reference for the relevant passages. The insertion was 
carried out in example 5, except that the expression cassette was isolated from plasmid 
pMRT1131, described in section 3.2 of example 3. 

The resulting plasmid was designated pMRT1263 and was transferred into the strain 
Agrobacterium tumefaciens LBA4404-pSBl according to the protocol described previously in 
section 5.1 of example 5. The agrobacteria clone obtained was designated A1263. 

9.2. Construction of the binary plasmid pMRT1266. 

The binary plasmid pMRT1266 was obtained by insertion of the expression cassette 
"MPrl200 (SEQ ID NO. 19) / uidA-lNl 1 term-mw" into the Hpal restriction site of binary 
plasmid pMRTl 195. This is described in French patent application FR991 1 1 12, not yet 
published, the text of the relevant passages of which is hereby incorporated by reference. The 
insertion was carried out as described in example 5, except that the expression cassette was 
isolated from plasmid pMRT1200, described in section 3.10 of example 3. 

The resulting plasmid was designated pMRT1266 and was transferred into the strain 
Agrobacterium tumefaciens LBA4404-pSBl according to the protocol described previously in 
section 5.1 of example 5. The agrobacteria clone obtained was designated A1266. 

9.3. Construction of binary plasmid pMRT1209. 

In order to have a reference promoter sequence in stable expression in maize albumen SN 
87 165 (L2), the uidA gene under the control of the promoter 512 gamma-zein and the nos 
terminator, contained in the 526 gamma-zein plasmids described by Marzabal et al (1998, The 
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Plant Journal 16(1) : 41-52.), was inserted into binary plasmid pMRT1195, as described 
previously in example 5, except that the expression cassette was isolated from 526 gamma-zein 
plasmid. 

The resulting plasmid pMRT1209 was transferred into the stain Agrobacterium 
tumefaciens LBA4404-pSBl according to the protocol in section 5.1 of example 5. The 
agrobacteria clone obtained was designated A1209. 

All of the references cited herein are incorporated by reference. 

Variations, modifications, and other implementations of what is described herein will 
occur to those of ordinary skill in the art without departing from the spirit and scope of the 
invention as claimed. Accordingly, the invention is to be defined not by the preceding 
illustrative description but instead by the spirit and scope of the following claims. 

What is claimed is: 
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